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5 3.3-BlARYLPIPERlDINE AND 2.2-BI ARYLMQRPHOLI NE DERIVATIVES 

Background of the Invention 
This invention relates to 3,3-biarylpiperidine and 2,2-biaryimorpholine derivatives which 
have utility as ligands for opioid receptors. 

In the study of opioid biochemistry, a variety of endogenous opioid compounds and non- 
10 endogenous opioid compounds has been identified. In this effort, significant research has been 
focused on understanding the mechanism of opioid drug action, particiarly as it relates to cellular 
and differentiated tissue opioid receptors. 

Opioid drugs are typically classified by their binding selectivity in respect of the cellular 
and differentiated tissue receptors to which a specific drug species binds as a ligand. These 
1 5 receptors include mu fri), delta (6) and kappa (k) receptors. 

At least three subtypes of opioid receptors (mu, delta and kappa) are described and 
documented in the scientific literature. All three receptors are present in the central and 
peripheral nervous systems of many species including man. Activation of delta receptors 
produces antinociception in rodents and can induce analgesia in man, in addition to influencing 
20 motility of the gastrointestinal tract. (See Burks, T.F. (1995) in The Pharmacology of Opioid 
Peptides", edited by Tseng, LF., Harwood Academic Publishers). 

The well known narcotic opiates such as morphine and its analogs are selective for 
the opioid mu receptor. Mu receptors mediate analgesia, respiratory depression, and 
inhibition of gastrointestinal transit Kappa receptors mediate analgesia and sedation. 
25 The existence of the opioid delta receptor is a relatively recent discovery which 

followed the isolation and characterization of endogenous enkephalin peptides, which are 
ligands for the delta receptor. Research in the past decade has produced significant 
information about the delta receptor, but a clear picture of its function has not yet emerged. 
Delta receptors mediate analgesia, but do not appear to inhibit intestinal transit in the manner 
30 characteristic of mu receptors. 

U.S. Patent 4,816,586, which issued on March 28, 1989 to P. S. Portoghese, refers to 
various delta opioid receptor antagonists. These compounds are described as possessing a 
unique opioid receptor antagonist profile, and include compounds that are highly selective for 
the delta opioid receptor. 

35 U.S. Patent 4,518,711, which issued May 21, 1985 to V. J. Hruby ef a/., describes 

cyclic, conformational^ constrained analogs of enkephalins. These compounds include both 
agonists and antagonists for the delta receptor, and are said to induce pharmacological and 
therapeutic effects, such as analgesia in the case of agonist species of such compounds. The 
antagonist species of the disclosed compounds are suggested to be useful in the treatment of 

40 schizophrenia, Alzheimer's disease, and respiratory and cardiovascular functions. 
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5 hypoglycemic neuronal damage, chemical dependencies and addictions (e^, a dependency 
on, or addiction to opiates, benzodiazepines, cocaine, nicotine or ethanol), drug or alcohol 
withdrawal symptoms, and cerebral deficits subsequent to cardiac bypass surgery and 
grafting. 

Summary of the Invention 
1 0 This invention relates to compounds of the formula 

,2 




wherein R 1 is hydrogen, (C 0 -C 8 )alkoxy-{C 1 .C8)alkyl-, wherein the total number of 
carbon atoms is eight or less, aryl, aryHC-CeJalkyl-, heteroaryl, heteroaryKd-Cejalkyl-, 
heterocyclic, hetenocydic^C-CeJalkyl, (CrC^cycloalkyh or (CVC 7 )cycloalkyHCrC 8 )alkyl, 

15 wherein said aryl and the aryl moiety of said aryHC-CeJalkyl- are selected, independently, 
from phenyl and napthyl, and wherein said heteroaryl and the heteroaryl moiety of said 
heteroaryl-{C,-C 8 )alkyl- are selected, independently, from pyrazinyl, benzofuranyl, quinolyl, 
isoquinolyl, benzothienyl, isobenzofuryl, pyrazolyl, indolyl. isoindolyl, benzimidazolyl, purinyl, 
carbazolyl, 1,2.5-thiadiazolyl, quinazolinyl, pyridazinyl, pyrazinyl, cinnolinyl, phthalazinyl, 

20 quinoxalinyl, xanthinyl, hypoxanthinyl. pteridinyl, 5-azacytidinyl, 5-azauracilyl. triazolopyridinyl, 
imidazolopyridinyl, pyrrolopyrimidinyl, pyrazolopyrimidinyl, oxazolyl, oxadiazolyl, isoxazoyl, 
thiazolyl. isothiazolyl, furanyl, pyrazolyl, pyrrolyl. tetrazolyl. triazolyl, thienyl, imidazolyl, pyridinyl, 
and pyrimidinyl; and wherein said heterocyclic and the heterocyclic moiety of said heterocyclic- 
(C,-C 8 )alkyl- are selected from saturated or unsaturated nonaromatic monocyclic or bicyclic 

25 ring systems, wherein said monocyclic ring systems contain from four to seven ring carbon 
atoms, from one to three of which may optionally be replaced with O, N or S, and wherein said 
bicyclic ring systems contain from seven to twelve ring carbon atoms, from one to four of 
which may optionally be replaced with O, N or S; and wherein any of the aryl, heteroaryl or 
heterocyclic moieties of R 1 may optionally be substituted with from one to three substitutuents, 

30 preferably with one or two substutituents. independently selected from halo (Le,. chloro, fluoro, 
bromo or iodo), (C-QOalkyl optionally substituted with from one to seven (preferably with from 
zero to four) fluorine atoms, phenyl, benzyl, hydroxy, acetyl, amino, cyano. nitro, (C,-C 6 )alkoxy, 
(C,-C 6 )alkylamino and [(C^-CeJalkylfeamino. and wherein any of the alkyl moieties in R 1 (ag,, the 
alkyl moieties of alkyl. alkoxy or alkylamino groups) may optionally be substituted with from one 

35 to seven (preferably with from zero to four) fluorine atoms; 
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Other preferred compounds of the formula I are those wherein R 1 is selected from 
allyl. cyclopropylmethyl, methyl, 2,2,2-trifluoroethyl, methallyl, isopropyl, 2-pyridinyl, 2- 
pyrimidinyl and 



I 



m » 

Examples of other embodiments of the present invention are the following: 
1 0 compounds of the formula I wherein Q is oxygen and X is CH; 

compounds of the formula I wherein Q is oxygen and X is N; 

compounds of the formula I wherein Q is oxygen, X is CH and R 3 is OH, CONH 2l or 

fluoro; 

compounds of the formula I wherein Q is oxygen and X is N; 
15 compounds of the formula I wherein Q is CH 2 , X is N, and R 3 is OH, CONH 2 , or fluoro; 

compounds of the formula I wherein Q is CH 2 , X is N, R 3 is OH, CONH 2l or fluoro, and 
R 2 is selected from C(OH)(C 2 H 6 ) 2l CON(C 2 H 6 ) 2 and one of cyclic groups (a) - (f) depicted 
above; and 

compounds of the formula I wherein Q is oxygen, X is CH, and R 3 is OH, CONH 2 , or 

20 fluoro; 

compounds of the formula I wherein Q is oxygen, X is NH, R 3 is OH, CONH 2 , or 
fluoro, and R 2 is selected from C(OH)(C2H 6 ) 2 , CON^H^ and one of cyciic groups (a) - (f) 
depicted above; 

compounds of the formula I wherein Q is oxygen, X is CH, R 3 is OH, CONH 2 or fluoro, 
25 Z 1 and Z 2 or selected, independently, from hydrogen and fluoro, and R 1 is selected from ailyl, 
cyclopropylmethyl, methyl, methalyl, isopropyl, 2-pyridinyl, 2-pyrimidinyl and cyclic group (g) 
depicted above; and 

compounds of the formula I wherein Q is oxygen, X is NH, R 3 is OH, CONH 2 or fluoro, 
Z 1 and Z 2 or selected, independently, from hydrogen and fluoro, and R 1 is selected from allyl, 
30 cyclopropylmethyl, methyl, methalyl, isopropyl, 2-pyridinyl, 2-pyrimidinyl and cyclic group (g) 
depicted above. 

The compounds of formula I and their pharmaceutical^ acceptable salts are opioid 
receptor iigands and are useful in the treatment of a variety of neurological and 
gastrointestinal disorders. Examples of disorders that can be treated with the compounds of 
35 formula I and their pharmaceutical^ acceptable salts are rejection in organ transplants and 
skin grafts, epilepsy, chronic pain, neurogenic pain, nonsomatic pain, stroke, cerebral 
ischemica, shock, head trauma, spinal cord trauma, brain edema, Hodgkin's disease, 
Sjogren's disease, systemic lupus erythematosis, gastrointestinal disorders such as gastritis, 
functional bowel disease, irritable bowel syndrome, functional diarrhoea, functional distention, 
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5 the formula I, or a pharmaceutical^ effective salt thereof, that is effective in treating such 
disorder or condition. 

This invention also relates to a pharmaceutical composition for treating a disorder or 
condition selected from inflammatory diseases such as arthritis (ej,, rheumatoid arthritis and 
osteoarthritis), psoriasis, asthma, or inflammatory bowel disease, disorders of respiratory 
1 0 function such as asthma, cough and apnea, allergies, gastrointestinal disorders such as gastritis, 
functional bowel disease, irritable bowel syndrome, functional diarrhoea, functional distension, 
functional pain, nonulcerogenic dyspepsia and other disorders of motility or secretion, and 
emesis, stroke, shock, brain edema, head trauma, spinal cord trauma, cerebral ischemia, 
cerebral deficits subsequent to cardiac bypass surgery and grafting, urogential tract disorders 
15 such as urinary incontinence, chemical dependencies and addictions (eg,, addictions to or 
dependencies on alcohol, opiates, benzodiazepines, nicotine, heroin or cocaine), chronic pain, 
nonsomatic pain, acute pain and neurogenic pain, systemic lupus erythematosis, Hodgkin's 
disease, Sjogren's disease, epilepsy and rejection in organ transplants and skin grafts in a 
mammal, including a human, comprising a glutamate neurotransmission modulating effective 
amount of a compound of the formula I, or a pharmaceutically salt thereof, and a 
pharmaceutical^ acceptable carrier. 

This invention also relates to a method for treating a condition selected from 
inflammatory diseases such as arthritis, psoriasis, asthma, or inflammatory bowel disease, 
disorders of respiratory function such as asthma, cough and apnea, allergies, gastrointestinal 
25 disorders such as gastritis, functional bowel disease, irritable bowel syndrome, functional 
diarrhoea, functional distension, functional pain, nonulcerogenic dyspepsia and other disorders of 
motility or secretion, and emesis, stroke, shock, brain edema, head trauma, spinal cord trauma, 
cerebral ischemia, cerebral deficits subsequent to cardiac bypass surgery and grafting, 
urogential tract disorders such as urinary incontinence, chemical dependencies and addictions 
30 (e^, addictions to or dependencies on alcohol, opiates, benzodiazepines, nicotine, heroin or 
cocaine), chronic pain, nonsomatic pain, acute pain and neurogenic pain, systemic lupus 
erythematosis, Hodgkin's disease, Sjogren's disease, epilepsy and rejection in organ transplants 
and skin grafts, in a mammal, comprising administering to such mammal, including a human, an 
opioid receptor binding modulating effective amount of a compound of the formula I, or a 
35 pharmaceutically acceptable salt thereof. 

This invention also relates to a pharmaceutical composition for treating a disorder or 
condition, the treatment of which can be effected or facilitated by modulating binding to opioid 
receptors in a mammal, including a human, comprising an opioid receptor binding modulating 
effective amount of a compound of the formula I, or a pharmaceutically acceptable salt thereof, 
40 and a pharmaceutically acceptable carrier. 

This invention also relates to a method for treating a disorder or condition, the treatment 
of which can be effected or facilitated by modulating in a mammal, including a human, 
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comprising administering to such mammal an opioid receptor binding modulating effective 
amount of a compound of the formula I or a pharmaceutical!/ acceptable salt thereof. 

This invention also relates to a method of treating a condition selected from 
.nflammatory diseases such as arthritis, psoriasis, asthma, or inflammatory bowel disease 
d.sorders of respiratory function such as asthma, cough and apnea, allergies, gastrointestinal 
drsorders such as gastritis, functional bowel disease, irritable bowel syndrome, functional 
dranhoea, functional distension, functional pain, nonulcerogenic dyspepsia and other disorders of 
motility or secretion, and emesis, stroke, shock, brain edema, head trauma, spinal cord trauma 
cerebral ischemia, cerebral deficits subsequent to cardiac bypass surgery and grafting 
urogential tract disorders such as urinary incontinence, chemical dependencies and addictions 
(fL£L. addictions to or dependencies on alcohol, opiates, benzodiazepines, nicotine, heroin or 
cocaine), chronic pain, nonsomatic pain, acute pain and neurogenic pain, systemic lupus 
erythematosis. Hodgkin's disease. Sjogren's disease, epilepsy and rejection in organ transplants 
and sk.n grafts in a mammal, comprising administering to a mammal in need of such treatment 
an amount of a compound of the formula I that is effective in treating such condition. 

This invention also relates to a pharmaceutical composition for treating a condition 
selected from inflammatory diseases such as arthritis, psoriasis, asthma, or inflammatory bowel 
drsease, disorders of respiratory function such as asthma, cough and apnea, allergies 
gastrointestinal disorders such as gastritis, functional bowel disease, irritable bowel syndrome' 
functional diarrhoea, functional distension, functional pain, nonulcerogenic dyspepsia and other 
drsorders of motility or secretion, and emesis. stroke, shock, brain edema, head trauma, spinal 
cord trauma, cerebral ischemia, cerebral deficits subsequent to cardiac bypass surgery and 
grafting, urogential tract disorders such as urinary incontinence, chemfcal dependencies and 
addrctrons (e^. addictions to or dependencies on alcohol, opiates, benzodiazepines, nicotine 
heroin or cocaine), chronic pain, nonsomatic pain, acute pain and neurogenic pain, systemic 
lupus erythematosis. Hodgkin's disease. Sjogren's disease, epilepsy and rejection in organ 
transplants and skin grafts in a mammal, comprising an amount of a compound of the formula I 
that is effective in treating such condition and a pharmaceutical^ acceptable earner. 

Unless otherwise indicated, the alkyl groups referred to herein, as well as the alkyl 
moieties of other groups referred to herein alkoxy). may be linear or branched, and they 
may also be cyclic (ej,. cyctopropyl. cyctobutyl. cyclopentyl. or cyclohexyl) or be linear or 
branched and contain cyclic moieties. 

The term "alkoxy , as used herein, means --O-alkyT. wherein "alky!" is defined as above. 
The term "alkylene". as used herein, means an alkyl group having two available binding 
sites (le., -alkyl-, wherein alkyl is defined as above). 

The term 'treating" as used herein, refers to reversing, alleviating, inhibiting the progress 
of. or preventing the disorder or condition to which such term applies, or one or more symptoms 
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5 of such disorder or condition. The term "treatment", as used herein, refers to the act of treating, 
as "treating" is defined immediately above. 

Unless otherwise indicated, "halo" and "halogen", as used herein, refer to fluorine, 
bromine, chlorine or iodine. 

Compounds of the formula I may have chiral centers and therefore may exist in different 

10 enantiomeric and diastereomic forms. This invention relates to all optical isomers and all other 
stereoisomers of compounds of the formula I, and to all racemic and other mixtures thereof, and 
to all pharmaceutical compositions and methods of treatment defined above that contain or 
employ such isomers or mixtures. 

Formula I above also includes isotopically labelled compounds that are identical to 

15 those depicted in formula I, but for the fact that one or more atoms are replaced by an atom 
having an atomic mass or mass number different from the atomic mass or mass number 
usually found in nature. Examples of isotopes that can be incorporated into compounds of the 
invention include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine and 
chlorine, such as 2 H, 3 H, ,3 C, 14 C, 15 N, ,8 0, 17 0, 31 P, *P. *S, 18 F, and "CI, respectively. 

20 Certain isotopically labelled compounds of the present invention, for example, those into which 
radioactive isotopes such as 3 H and 14 C are incorporated, are useful in drug and/or substrate 
tissue distribution assays. Tritiated, Le,, 3 H, and carbon-14, Le,, 14 C, isotopes are particularly 
preferred for their ease of preparation and detectability. Further, substitution with heavier 
isotopes such as deuterium, La, 2 H, can afford certain therapeutic advantages resulting from 

25 greater metabolic stability, for example, increased in vivo half-life or reduced dosage 
requirements and, hence, may be preferred in some circumstances. Isotopically labelled 
compounds of formula I of this invention can generally be prepared by carrying out the 
procedures disclosed in the schemes and/or in the Examples below, by substituting a readily 
available isotopically labelled reagent for a non-isotopically labelled reagent 

30 Detailed Description of the Invention 

The compounds of formula I can be prepared according to the methods illustrated in 
Schemes 1-9 and discussed below. In the reaction schemes and discussion that follow, unless 
otherwise indicated, X, Q, Y, Z\ Z 2 , R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 and R 8 and structural formula I are 
defined as above. 

35 Scheme 1 illustrates a method for the preparation of compounds with the general 

formula I wherein R 3 is (C r C 6 )alkoxy or fluorine, R 2 is CONR 5 R 6 , Y is carbon, Q is carbon, X 
is carbon and R 1 is as defined above with the proviso that it is not attached to the piperidine 
nitrogen at a secondary alkyl carbon or an aryl group. Referring to Scheme 1, a 
bromobenzene derivative of formula 0, wherein R 3 is methoxy or fluorine, is cooled to -70°C in 

40 dry tetrahydrofuran, and then a solution of n-butyllithium is added to it The resulting solution 
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Treatment of the compound of formula 6 with an aldehyde and sodium 
triacetoxyborohydride or another reducing agent (e^, sodium borohydride or sodium 
cyanoborohydride), in dicloromethane, 1,2 dichloroethane or another suitable solvent such as 
methanol, ethanol or toluene, at a temperature ranging from about 0°C to 100°C, preferably at 
about room temperature, yields the desired compound of formula 7. 
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SCHEME 1 CONTINUED 
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The carboxamide of formula 12 can be obtained by conversion the phenol of formula 
9 in to triflate ester of formula 10 with the additon of triflic anhydride in the presence of a base 
such as pyridine, or a trialkylamine base like triethylamine, and in the presence of 

10 dimethylamino pyridine in a solvent such as methylene chloride, at a temperature ranging from 
- 40°C to the reflux temperature, preferably at 0°C. The triflate ester of formula 10 is then 
converted into the nitrile of formula 11 by treatment with zinc cyanide and a palladium catalyst 
such as tetrakis triphenylphosphine palladium, in a solvent such as dimethylformamide, or 
toluene, at a temperature from about 0°C to about the reflux temperature, preferably at about 

15 the reflux temperature. The nitrile of formula 11 can be converted into the carboxamide of 
formula 12 by treatment with hydrogen peroxide and sodium carbonate in ethanol, at a 
temperature ranging from about 0°C to about the reflux temperature, preferably at about room 
temperature. 
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(R3 = 0-(C 1 -C 6 )alkyl, OH or F) 
1 14 
Compounds of the general formula ] where R 3 is fluoro or methoxy and R 2 is a 
carbinol such as diethyl carbinol (referred to in Scheme 6 as compounds of the formula 15) 
can be prepared, as illustrated in Scheme 6 by treatment of the ester of formula 4 with an alkyl 
Grignard or alkyl lithium reagent, in a solvent such as ether or tetrahydrofuran, at a 
temperature ranging from about -78°C to about the reflux temperature, preferably starting at 
room temperature and heating to about the reflux temperature. 

SCHEME 6 

r,NU^« OH 

R OOC 



R 5 MgX/R6MgX, TH F 
(X=CI, Br) 





15 



20 



(R 3 =0-(C 1 -C 6 )alkyl or F) 



(R 3 =0-(C r C 6 )alkyl or F) 



* 15 

Compounds of the formulas 14 (Scheme 5) and 15 (Scheme 6) can be converted into 
the analogous compounds wherein R 3 = CONH 2 using the procedures illustrated in Schemes 
3 and 4 and described above for synthesizing carboxamides of the formula 12. 

Compounds of the general formula 16 can be prepared, as illustrated in Scheme 7, by 
treatment of the phenol of formula 9 with an acid chloride, in the presence of pyridine or a 
trialkylamine such as triethylamine in dichloromethane, tetrahydrofuran or another suitable 
solvent, at a temperature ranging from about -78°C to about the reflux temperature, preferably 
at room temperature. 

SCHEME 7 
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5 solvent such as methylene chloride, at a temperature from about -78°C to about the reflux 
temperature, preferably at 0 P C. 

Treatment of a compound of the formula 21 with a trialkylamine base such as 
triethylamine and chloroacetylchloride in a solvent such as toluene or tetrahydrofuran, at a 
temperature ranging from about -40°C to about the reflux temperature, preferably at 0°C, 

10 yields the corresponding compound having formula 22. Subsequent treatment of a dilute 
solution of the resulting compound of formula 22 in a solvent such as tetrahydrofuran or 
toluene with metal alkoxides, preferably potasium t-butoxide, at a temperature ranging from 
about -40°C to about the reflux temperature, preferably at about room temperature, affords 
the corresponding derivative of formula 23. Reaction of the derivative of formula 23 with 

15 lithium aluminum hydride or another metal hydride source such as dibutyl aluminum hydride, 
in a solvent such as methylene chloride, at a temperature from about -78°C to about the reflux 
temperature, preferably at about 0°C, affords the corresponding compound of formula 24. 

When R 1 is not attached to the morphoiine nitrogen at a secondary alkyl carbon or an 
aryl group, the R 1 group can be added to the morphoiine nitrogen of the compound of formula 

20 24 by reacting such compound with an aldehyde and sodium triacetoxyborohydride or another 
reducing agent (e.g., sodium borohydride or sodium cyanoborohydride) in dicloromethane, 1,2 
dichloroethane or another suitable solvent such as methanol, ethanoi or toluene, at a 
temperature ranging from about 0°C to 100°C, preferably at about room temperature. This 
reaction yields the desired compound of formula 25. When R 1 is attached to the morphoiine 

25 nitrogen via an aryl moiety or a primary or secondary alkyl moiety, it can be added to the 
compound of formula 24 using the procedure illustrated in Scheme 2 and described above. 
Compounds of the formula 25 can be produced by alkylation or heteroarylation of the 
corresponding compound of formula 24 using conditions identical to those described above for 
the preparation of compounds of the formula 7 Scheme 2. 

30 The compound of formula 25 is then placed under a carbon monoxide atmosphere at 

a pressure ranging from about 14 to 100 psi, in a solution of dimethylsulfoxide and a lower 
alkanol such as methanol or ethanoi, with a suitable trialkylamine base (e.g. . triethylamine) 
and palladium acetate with 1,3-bis(diphenylphosphino)propane (DPPP) or another suitable 
palladium ligand, to yield the desired compound of formula 26. Other suitable palladium 

35 catalysts, such as bis(triphenylphosphine) palladium dichloride, may also be used. This 
reaction can be conducted at temperatures ranging from about 20°C to about 100°C, 
preferably at about 70°C. Treatment of the ester of formula 26 with an aluminum amide of a 
primary or secondary amine, for example, diethyl amine, in a solvent such as dichloroethane 
or toluene, at a temperature ranging from about 20°C to about the reflux temperature, 

40 preferably at about the reflux temperature, yields the corresponding amide of formula 27. 
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5 Compounds of the formula 25 can be converted into the corresponding compounds 

wherein the bromine substituent is replaced by an aromatic or heteroaromatic substituent 
using the procedure illustrated in Scheme 5 and discussed above. Compounds of the formula 
26 can be converted into the corresponding compounds wherein R 2 is -C(OH)R 5 R $ rather than 
-COOR 7 using the procedure described above and illustrated in Scheme 6. Compounds of 
10 the formula 28 can be derivatized to form the corresponding compounds wherein R 3 is 
-CONH 2 and -OC(=0)R 7 using the procedures described above and illustrated in Schemes 4 
and 7, respectively, for preparing compounds of the formula 12 (Scheme 4) and 16 (Scheme 

Scheme 9 illustrates a method for the preparation of compounds with the general 

15 formula \ wherein X is nitrogen, R 3 is methoxy, hydroxy, R 2 is CONR 5 R 6 and R 1 is as defined 
above. Referring to Scheme 9, compounds of the formula 31 can be obtained by the 
treatment of phenyl acetonitrile derivatives of the formula 29 with sodium hydride and a 2- 
bromopyridine or 2-halopyridine derivative of the formula 30 in dimethylformamide or in 
another suitable solvent such as tetrahydrofuran, at a temperature from about 0°C to about 

20 the reflux temperature, preferably at about 60°C. 

Treatment of compounds of the formula 31 with sodium hydride in dimethylformamide 
or another suitable solvent such as tetrahydrofuran, at a temperature from about 0°C to about 
the reflux temperature, preferably at 60°C, followed by the treatment with a alkylating agent 
such as 1-bromo-3-chloropropane, at a temperature from about 0°C to about the reflux 

25 temperature, preferably at about 60°C, yields the corresponding compounds of formula 32. 

Reduction of the cyano group of compounds of the formula 32 with a reducing agent 
such as diisobutyl aluminum hydride or another reducing metal hydride source such as lithum 
aluminum hydride, in a solvent such as methylene chloride, at a temperature from about 
-78°C to about the reflux temperature, preferably at about -78°C, and warming gradually to 

30 room temperature, affords the corresponding compounds of formula 33 after vigorous stirring 
in a saturated aqueous Rocheile's salt solution. 

When R 1 does not attach to the piperidine nitrogen at an aryl moiety or secondary 
alkyl carbon, compounds of the formula 33 can be converted into the corresponding 
compounds of formula 34 by reacting them with an aldehyde and sodium 

35 triacetoxyborohydride or another reducing agent (e^, sodium borohydride or sodium 
cyanoborohydride), in dicloromethane, 1,2 dichloroethane or another suitable solvent such as 
methanol, ethanol or toluene, at a temperature ranging from about 0°C to about 100°C, 
preferably at about room temperature. When R 1 attaches to the piperidine nitrogen via an aryl 
moiety or a primary or secondary alkyl carbon, compounds of the formula 34 can be produced 
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5 Compounds of the formula 34 can be converted into the corresponding compounds 

wherein the bromine substituent is replaced by an aromatic or heteraaromatic substituent 
using the procedure illustrated in Scheme 5 and discussed above. Compounds of the formula 
35 can be converted into the corresponding compounds wherein R 2 is -C(OH)R 5 R 6 rather than 
-COOR 7 using the procedure described above and illustrated in Scheme 6. Compounds of 
10 the formula 37 can be derivatized to form the corresponding compounds wherein R 3 is 
-CONH 2 and -OC(=0)R 7 using the procedures described above and illustrated in Schemes 4 
and 7, respectively, for preparing compounds of the formula 12 (Scheme 4) and 16 (Scheme 

Scheme 10 illustrates a method for preparing compounds of the general formula I 
15 wherein R 3 is NHS0 2 R 7 Referring to Scheme 10, the phenol of formula 38 is converted into 
the triflate of formula 39 by the procedures illustrated in Schemes 1 and 4 and described 
above, after which the triflate is transformed into the ester of formula 40 by the procedure 
illustrated in Scheme 1 and described above. The ester of formula 40 can then be converted 
into the carboxylic acid of formula 41 by hydrolyzing it with lithium hydroxide in a water/THF 
20 solution at about room temperature. Treatment of the resulting carboxlic acid of formula 41 
with diphenylphosphoryl azide and triethylamine in a tert-butanol solvent at about the reflux 
temperature yields the corresponding tert-butyl carbamate of formula 42. Acidic treatment of 
the carbamate of formula 42 with trifluoroacetic acid in methylene chloride yields the 
corresponding aniline of formula 43. The aniline of forumla 43 can then be reacted with 
25 sulfonyl chloride, in the presence of a base such as pyridine or triethylamine, to yield the 
desired sulfonamide of formula I. This reaction is preferrable carried out in a polar solvent 
such as methylene chloride, dicloroethane or THF, at a temperature from about 0°C to about 
the reflux temperature of the solvent. 
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5 The preferred method of making compounds of the formula I wherein R 3 is OH, 

NHS0 2 R 7 , C(OH)R 7 R 8 or C(=0)NHR 7 is to make the analogous compounds wherein R 3 is O- 
(d-CeJalkyl and then derivatize them using standards methods well known in art and 
illustrated in the foregoing schemes. 

The starting materials used in the processes of Schemes 1-9 are either commercially 
10 available, known in the literature, or readily obtainable from commercially available or known 
compounds using methods that are well known in the art or described abdve. 

Unless indicated otherwise, the pressure of each of the above reactions is not critical. 
Generally, the reactions will be conducted at a pressure from about one to about three 
atmospheres, preferably at ambient pressure (about one atmosphere). 
15 The preparation of other compounds of the formula I not specifically described in the 

foregoing experimental section can be accomplished using combinations of the reactions 
described above that will be apparent to those skilled in the art 

The compounds of the formula I that are basic in nature are capable of forming a wide 
variety of different salts with various inorganic and organic acids. The acid that can be used to 
20 prepare the pharmaceutically acceptable acid addition salts of the base compounds of this 
invention are those which form non-toxic acid addition salts, Le,, salts containing 
pharmacologically acceptable anions, such as hydrochloride, hydrobromide, hydroiodide, nitrate, 
sulfate or bisulfate, phosphate or acid phosphate, acetate, lactate, citrate or acid citrate, tartrate 
or bitartrate, succinate, maleate, fumarate, gluconate, saccharate, benzoate, methanesulfonate 
25 and pamoate [Ke,, 1,r-methylene-bis-(2-hydroxy-3-naphthoate)] salts. Although such salts must 
be pharmaceutically acceptable for administration to animals, it is often desirable in practice to 
initially isolate a compound of the formula I from the reaction mixture as a pharmaceutically 
unacceptable salt and then simply convert the latter back to the free base compound by 
treatment with an alkaline reagent, and subsequently convert the free base to a pharmaceutically 
30 acceptable acid addition salt The acid addition salts of the base compounds of this invention 
are readily prepared by treating the base compound with a substantially equivalent amount of the 
chosen mineral or organic acid in an aqueous solvent medium or in a suitable organic solvent 
such as methanol or ethanol. Upon careful evaporation of the solvent the desired solid salt is 
obtained. 

35 Compounds of the formula that are acidic in nature are capable of forming base salts 

with various pharmacologically acceptable cations. These salts are all prepared by conventional 
techniques. The chemical bases that are used as reagents to prepare the pharmaceutically 
acceptable base salts of this invention are those which form non-toxic base salts with the acidic 
compounds of formula I. Such non-toxic base salts include those derived from such 

40 pharmacologically acceptable cations as sodium, potassium, calcium and magnesium, etc. 
These salts can easily be prepared by treating the corresponding acidic compounds with an 
aqueous solution containing the desired pharmacologically acceptable cations, and then 
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5 Delta receptor binding assays can be performed in a stable line of CHO cells 

expressing the human delta receptor. The binding assay can be carried out at 25°C for 120 
minutes in 50 mM Tris (pH 7.4) buffer. [ 3 H]-SNC-80 can be used to label delta receptor 
binding sites. The protein concentration can be approximately 12.5 ng/well. Non-specific 
binding can be defined with 10 |iM naltrexone. 
10 The binding reaction can be terminated by rapid filtration through glass fibre filters, 

and the samples can be washed with ice-cold 50 mM Tris buffer (pH 7.4).' 

Agonist activity at the delta, mu and kappa opioid receptors can be determined as 

follows. 

Opioid (delta, mu and kappa) activity is studied, as described below, in two isolated 
15 tissues, the mouse deferens (MVD)(8) and the guinea-pig myentric plexus with attached 
longitudinal muscle (GPMP) ( u and k). 

MVD (DC1 strain. Charles River. 25-35 g) are suspended in 15 ml organ baths 
containing Mg~ free Krebs' buffer of the following composition (mM): NaCI. 119; KCI, 4.7; 
NaHCOa. 25; KH 2 P0 4 , 1.2; CaCI 2 , 2,5 and glucose. 11. The buffer is gassed with 95%0 2 and 
20 5% C0 2 . The tissues are suspended between platinum electrodes, attached to an isometric 
transducer with 500 mg tension and stimulated with 0.03 Hz pulses of 1-msec pulsewidth at 
supramaximal voltage. IC* values are determined by the regression analysis of 
concentration-response curves for inhibition of electrically-induced contractions in the 
presence of 300 nM of the mu-selective antagonist CTOP. This test is a measure of 5 
25 agonism. 

Guinea-pig (Porcellus strain, male. 450-500 g, Dunkin Hartley) myentric plexus with 
attached longitudinal muscle segments are suspended with 1 g of tension in Krebs' buffer and 
stimulated with 0.1 Hz pulses of 1-msec pulse-width at supramaximal voltage. Mu functional 
activity is determined in the presence of 10 nM nor-BNI with 1 uM of the mu selective agonist, 

30 DAMGO. added to the bath at the end of the experiment to define a maximal response. This 
test is a measure of mu agonism. 

Kappa functional activity is determined in the presence of and 1 jiM CTOP with 1 jiM 
of the kappa selective agonist U-69.593 added at the end of the experiment to define a 
maximal response. All inhibitions of twitch height for test compounds are expressed as a 

35 percentage of the inhibition obtained with the standard agonist and the corresponding ICa, 
values determined. 

The following procedure can be used to determine the activity of the therapeutic agents 
of this invention as agonists and as antagonists of delta opioid receptors. 

Cell Culture : Chinese hamster ovary cells expressing the human delta opioid receptor 
40 are passaged twice weekly in Hamis F-12 media with L-glutamine containing 10% fetal bovine 
serum and 450 fxg/mL hygromycin. Cells are prepared for assays 3 days prior to the 
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experiment 15 mL of 0.05% trypsin/EDTA is added to a confluent triple flask, swirled and 
decanted to rinse. 15 mL of 0.05% trypsin/EDTA is again added, and the flask is placed into a 
37C mutator for 2 minutes. Cells are removed from the flask by banking, and supernatant 
poured off into a 50 mL tube. 30 mL of media is then added to the flask to stop the action of 
the trypsin, and then decanted into the 50 mL tube. Tube is then centrifuged for 5 minutes at 
1000 rpm, med.a decanted, and the pellet resuspended into 10 mL of media. Viability of the 
cells is assessed using trypan blue, the cells counted and plated out into 96 well poly-D-lysine 
coated plates at a density of 7,500 cells/well. 

Antaqonist Test Rate: Cells plated 3 days prior to assay are rinsed twice with PBS 
The plates are placed into a 37C water bath. 50 «t of assay buffer (PBS, dextrose 1 mg/mL 
5mM MgC12. 30 mM HEPES, 66.7 ng/mL of IBMX) is then added to designated wells Fifty 
microliters of appropriate drug is then added to designated wells, and timed for 1 minute Fifty 
microliters of 10 nM forskolin + 0.4nM DPDPE (final assay concentration is 5 M M forskolin 
0.2nM DPDPE) is then added to appropriate wells, and timed for 15 minutes. The reaction is 
stopped by the addition of 10 uL of 6N perchloric acid to all wells. To neutralize. 13 ^L of 5N 
KOH is added to all wells, and to stabilize 12 pL of 2M Tris, pH 7.4 is added to all wells Mix 
by shak-ng on an orbital shaker for 10 minutes, and centrifuge at setting 7 for 10 minutes 
Alliquot into 3H plate. 

Aqonist Test Plate : Cells plated 3 days prior to assay are rinsed twice with PBS The 
plates are placed into a 37«C water bath. Fifty microliters of assay buffer (PBS. dextrose 1 
mg/mL. 5mM MgCI 2 , 30mM HEPES. 66.7 pg/mL of IBMX) is then added to designated wells 
Fifty microliters of appropriate drug + 10 pM forskolin (final assay concentration is 5pM 
forskolin) is then added to all wells, and timed for 15 minutes. The reaction is then stopped by 
the addition of 10 pL of 6N perchloric acid to all wells. To neutralize, 13 n of 5N KOH is added 
to all wells, and to stablize 12 pL of 2M Tris. pH 7.4 is added to all wells. Mbc by shaking on an 
orbital shaker for 10 minutes, and centrifuge at setting 7 for 10 minutes. Alliquot into 3H plate 
Both test plates are placed into an Amersham 3H cAMP binding kit overnight and 
harvested onto GF/B filters previously soaked in 0.5% PEI with a Skatron using 50 mM Tris 
HCI pH 7.4 at 4«C. Filtermats can be air-dried overnight then place in bags with 20 ml 
Betaplate scintillation cocktail and counted on a Betaplate counter for 60 sec per sample. 
35 Data can be analyzed using Excel. 

The compositions of the present invention may be formulated in a conventional manner 
using one or more pharmaceuticaliy acceptable carriers. Thus, the active compounds of the 
invention may be formulated for oral, buccal, transdermal (e^. patch), intranasal, parenteral 
feiL, intravenous, intramuscular or subcutaneous) or rectal administration or in a form suitable 
40 for administration by inhalation or insufflation. 
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5 For oral administration, the pharmaceutical compositions may take the form of, for 

example, tablets or capsules prepared by conventional means with pharmaceutically acceptable 
excipients such as binding agents (eg., pregelatinised maize starch, polyvinylpyrrolidone or 
hydroxypropyl methylcellulose); fillers (eg,, lactose, microcrystalline cellulose or calcium 
phosphate); lubricants (eg,, magnesium stearate, talc or silica); disintegrants (eg., potato starch 
1 0 or sodium starch glycollate); or wetting agents (eg,, sodium lauryl sulphate). The tablets may be 
coated by methods well known in the art. Liquid preparations for oral administration may take 
the form of, for example, solutions, syrups or suspensions, or they may be presented as a dry 
product for constitution with water or other suitable vehicle before use. Such liquid preparations 
may be prepared by conventional means with pharmaceutically acceptable additives such as 

15 suspending agents (eg,, sorbitol syrup, methyl cellulose or hydrogenated edible fats); 
emulsifying agents (eg,, lecithin or acacia); non-aqueous vehicles (eg,, almond oil, oily esters or 
ethyl alcohol); and preservatives (eg., methyl or propyl p-hydroxybenzoates or sorbic acid). 

For buccal administration the composition may take the form of tablets or lozenges 
formulated in conventional manner. 

20 The active compounds of the invention may be formulated for parenteral administration 

by injection, including using conventional catheterization techniques or infusion. Formulations for 
injection may be presented in unit dosage form, eg,, in ampules or in multi-dose containers, with 
an added preservative. The compositions may take such forms as suspensions, solutions or 
emulsions in oily or aqueous vehicles, and may contain formulating agents such as suspending, 

25 stabilizing and/or dispersing agents. Alternatively, the active ingredient may be in powder form 
for reconstitution with a suitable vehicle, e.g. . sterile pyrogen-free water, before use. 

The active compounds of the invention may also be formulated in rectal compositions 
such as suppositories or retention enemas, eg., containing conventional suppository bases such 
as cocoa butter or other glycerides. 

30 For intranasal administration or administration by inhalation, the active compounds of 

the invention are conveniently delivered in the form of a solution or suspension from a pump 
spray container that is squeezed or pumped by the patient or as an aerosol spray presentation 
from a pressurized container or a nebulizer, with the use of a suitable propellant, eg., 
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or 

35 other suitable gas. In the case of a pressurized aerosol, the dosage unit may be determined by 
providing a valve to deliver a metered amount. The pressurized container or nebulizer may 
contain a solution or suspension of the active compound. Capsules and cartridges (made, for 
example, from gelatin) for use in an inhaler or insufflator may be formulated containing a powder 
mix of a compound of the invention and a suitable powder base such as lactose or starch. 

40 In general, a therapeutically effective daily oral or intravenous dose of the compounds 

of formula (I) and their salts is likely to range from 0.001 to 50 mg/kg body weight of the 
subject to be treated, preferably 0.1 to 20 mg/kg. The compounds of the formula (I) and their 
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i salts may also be administered by intravenous infusion, at a dose which is likely to range from 
0.001-10 mg/kg/hr. a 

Tables or capsules of the compounds may be administered singiy or two or more at a 
tme as appropnate. It is also possible to administer the compounds in sustained release 
formulations. 

The physician will determine the actual dosage which will be most suitable for an 
individual patient and it will vary with the age. weight and response of the particular patient 
The above dosages are exemplary of the average case. There can. of course, be individual 
instances where higher or lower dosage ranges are merited, and such are within the scope of 
this invention. 

Alternatively, the compounds of the formula (I) can be administered by inhalation or in 
the form of a suppository or pessary, or they may be a PP ned topical* in the form of a .otion 
solution, cream, ointment or dusting powder. An alternative means of transdermal 
administration is by use of a skin patch. For example, they can be incorporated into a cream 
consisting of an aqueous emulsion of polyethylene glycols or liquid paraffin. They can also be 
.ncorporated. at a concentration of between 1 and 10% by weight, into an ointment consisting 
of a white wax or white soft paraffin base together with such stablisers and preservatives as 
may be required. — 

The following Examples illustrate the preparation of the compounds of the present 
-nvention. Commercial reagents were utilized without further purification. All NMR data were 
recorded at 250. 300 or 400 MHz in deutercchtoroform untess otherwise specified and are 
reported in parts per million (5) and are referenced to the deuterium lock signal from the sample 
solvent Ail nonaqueous reactions were carried out in dry glassware with dry solvents under an 
■nert atmosphere for convenience and to maximize yields. All reactions were stirred with a 
magnetic stirring bar unless otherwise stated. Unless otherwise stated, all mass spectra were 
obtained using chemical impact conditions. Ambient or room temperature refers to 20-25°C 
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EXAMPLE 1 

N.N-DIETHYL^-r3-f3.MI =THOXY-PHENYH-PIPERIDIN^.YU-BENZAMIDE 

A. 1-Benzyl-3-(3-methoxy-phenyl)-piperidin-3-ol 

To a suspension of magnesium (7.8 g, 325 mmol) in THF (120 mL) at room 
10 temperature under a nitrogen atmosphere was added a solution of 3-bromoanisole (37.5 mL, 
296 mmol) in THF (60 mL) over 10 min. The resulting mixture was stirred at 50°C for 4 hours 
and was cooled to room temperature. To the mixture was added a solution an N-benzyl-3- 
piperidinone (30.0 g, 159 mmol) in THF (50 mL). The reaction was stirred at room for 10 
hours. The mixture was poured slowly over ice-water (100 mL) and the aqueous layer was 
15 washed with EtOAc (3 x 50 mL). The combined organic extracts were dried (MgS0 4 ) and 
concentrated. The crude residue was purified by flash chromatography with hexanes/EtOAc 
(3:1) to afford 38.4 g of 1-benzyl-3-(3-methoxy-phenyl)-piperidin-3-ol 'HNMR (400 MHz. 
CDCI3) 5 7.31-7.20 (comp, 6H), 7.09 (s, 1H), 7.01 (d, 1H), 6.79 (d, 1H), 4.01-3.96 (br, 1H), 
3.79 (s, 3H), 3.58 (s, 2H), 2.91 (d, 1H). 2.74 (d. 1H), 2.32 (d. 1H), 2.09-1.82 (comp, 2H). 1.81- 
20 1.61 (comp, 3H); MS (M+1) 298.2. 

B. 4-[1-Benzyl-3-(3-methoxy-phenyl)-piperidin-3-yl]-phenol 

To a solution of 1-benzyl-3-(3-methoxy-phenyl)-piperidin-3-ol (17.6 g, 73.1 mmol) in 
(CH 2 ) 2 CI 2 (200 mL) was added phenol (16.7 g. 178 mmol) followed by portionwise addition 
(highly exothermic) of AICI 3 (23.3g, 178 mmol). The reaction mixture was heated to reflux for 

25 2 hours. The mixture was cooled to room temperature and was slowly poured into a mixture 
of crushed ice (50 mL) and 30 % aq. NH 4 OH (120 mL). The mixture was stirred vigorously for 
20 mininutes and was then filtered through celite. The celite cake was washed with CH 2 CI 2 
(200 mL). The organic layer was separated and the aqueous layer was washed with CH 2 CI 2 
(3 x 100 mL). The combined organic layers were dried (MgS0 4 ) and concentrated. The crude 

30 residue was purified by flash chromatography with hexanes/EtOAc (1:1) to afford 16.3 g of 4- 
[1-benzyl-3-(3-methoxy-phenyl)-piperidin-3-yl]-phenol 1 HNMR (400 MHz. CDCI3) 6 7.39-7.21 
(comp. 5H). 7.19-7.05 (comp. 3H). 6.84 (s, 1H). 6.79 (d. 1H), 6.67-6.61 (comp. 3H), 3.73 (s, 
3H), 3.50 (s, 2H). 2.86-2.79 (comp. 2H), 2.45-2.38 (comp. 2H). 2.21-2.19 (comp. 2H), 1.60- 
1.51 (comp, 2H); MS (M+1) 374.2. 

35 c - Trifluoro-methanesulfonic acid 4-[1-benzyl-3-(3-methoxy-phenyl)- 

piperidin-3-yQ-phenyl ester 

To a slurry of 4-[1-benzyl-3-(3-methoxy-phenyl)-piperidin-3-yl]-phenol (10.4 g, 
27.8mmol) in CH 2 CI 2 (60 mL) at 0°C was added pyridine (3.37 mL. 41.7 mmol) followed by 
dropwise addition of triflic anhydride (5.62 mL. 27.8 mmol) over 5 minutes. The reaction 
40 mixture was stirred at 0°C for 1 hour and at room temperature for 2 hours. The solution was 
then cooled to 0°C and 40 mL of cold saturated aqueous NaHC0 3 were added. The organic 
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10 3 72 ( S 3H) 3 52 3 4 , " (t ' ^ 709 W 2H >' 6 ' 76 ^ (comp, 3H) 

^42.^^^ 2H) ' 3 08 - 2 - 91 ^ 1H) ' 2 2 - 72 - 2 - 60 * 2.59-2.49 £ 1H 
2.29 (m. 1H), 2.23-2.19 (comp. 2H), 1.61-1.41 (comp, 2H); MS (M + 1) 506 1 

4-ri.Be n ^ 3 ^^ ac . d 
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- added O^,,, m ' £ I ^ T " 

(* lift M (S 3H 3 *I H, "* * 1H >- 6 77 * <"'• « « '«)• « 

to a J; [1 " B !^ M ^^^ 

The reaction mixture was s « TOri * * ' 2M " heXanes) dro P wise - 
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5 (comp, 3H),1.57-149 (comp, 1H), 1.23-1.10 (comp, 3H), 1.09-1.04 (comp, 2H); MS (M+1) 
457.3. 

F. N v N-Diethyl-4-[3-(3-inethoxy-pheny!)-piperidin-3-yq-benzam!de 

To a solution of 4-[1-benzyl-3-(3-methoxy-phenyl^^^ 
benzamide in acetic acid (8 mL) in a Parr pressure bottle was added palladium hydroxide 

10 (Pd(OH) 2 ) (10% on carbon, 0.4 g). The reaction mixture was shaken under 50 psi of H 2 for 20 
hours. The reaction mixture was then filterd through celite. The celrte cake was washed with 
EtOAdDiethyl-4-[3-(3-methoxy-phenyl)-piperidin-3-yl]-benzamide as the acetate salt. 1 HNMR 
(400 MHz, CDCI 3 ) 5 7.39-7.17 (comp, 5H), 6.84-6.61 (comp, 3H), 3.74 (s, 3H), 3.73-3.60 
(comp, 2H), 3.57-3.41 (comp, 2H), 3.38-3.14 (comp, 2H), 3.11-2.89 (comp, 2H), 2.48-2.26 

15 (comp, 2H), 1.81-1.66 (comp, 2H), 1.21-1.70 (comp, 3H), 1.06-0.99 (comp, 3H); MS (M+1) 
367.4. 

The following compounds were made using the procedure set forth above in Example 
1, starting with a compound analogous to the title compound of Example 1A wherein R 3 is 
fluoro or methoxy, and adding the appropriate amine reactant in the procedure of Example 1E. 
20 4-[1-BenzyW^3-methoxy-phenyl)-pi^^ 

1 HNMR (400 MHz, CDCfe) 5 7.31 (d, 4H), 6.82 (s, 1H), 6.76 (d, 2H), 6.67 (dd, 1H), 
3.71 (s, 3H), 3.53 (br, 1H), 3.50 (s, 2H), 3.27 (br, 1H), 2.25-2.21 (comp, 2H); MS (M+1) 443.3. 

4-[1-Benzyl-3-(3-fluoro-5-methoxy-p^ 

1 HNMR (400 MHz, CDCI 3 ) 5 7.33-7.29 (comp, 4H), 7.25-7.21 (comp, 5H), 6.59 (s, 
25 1H), 6.54 (d, 1H), 6.39 (dt, 1H), 3.69 (s, 3H), 3.54-3.45 (comp, 4H), 3.24 (br, 2H), 2.80(br, 2H); 
MS (M+1) 475.3. 

4-[1-Benzyl-3-<3-methoxy-phenyI)-pi^ 
benzamide 

1 HNMR (400 MHz, CDCI 3 ) 6 7.64 (d, 2H), 6.76-6.66 (comp, 3H), 6.30 (br, 1H), 4.11- 
30 4.07 (comp, 2H), 3.51 (s, 2H), 2.24-2.19 (comp, 1H), MS (M+1) 483.3. 

EXAMPLE 2 

GENERAL P ROCEDURE FOR THE REDUCTIVE ALKYLATION OF N.N-DIETHYL- 
4-r3-(3-METHOXY>PHENYL>-PlPERIDIN-3-YL1-BENZAMIDE 

To a solution of N,N-diethyl-4-[3-(3-methoxy-phenyl)-piperidin-3-yl]-benzamide (1 
35 equivalent) in methylene chloride (CH 2 CI 2 ) (0.4M) was added the aldehyde (1.2 equivalents) 
followed by addition of acetic acid (1.2 equivalents) and NaBH(OAc) 3 (1.5 equivalents). The 
reaction mixture was stirred at room temperature for 16 hours. The mixture was then 
partitioned between equal volumes of CH 2 CI 2 and sat aqueous sodium bicarbonate 
(NaHC0 3 ). The organic layer was separated and the aqueous layer was washed with CH 2 CI 2 
40 (3X). The combined organic layers were dried (MgS0 4 ) and concentrated. Purification by 
flash chromatography afforded the desired tertiary amines in yields ranging from 60-95%. 
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The following compounds were made using a procedure similar to that of Example 2 
starung with a diarylsubstituted pyridine wherein is fiuoro or methoxy and R 2 is the 
appropriate amide group. 

4-ri^clopropylmethyl-3K3Hnethoxy-phenyl)^iperidin^^l]-N,N^iethyl- 
benzamide 

'HNMR (400 MHz, CDCI3) 8 7.34 (d. 2H), 7.24 (dd. 2H), 7.13 ft 1H). 6.91 (s 1H) 

Z , (d * 2 (dd - 1H) - 371 (s - 3H) - 348 (br - 2H> - 325 <* ^ 3o5 - 2 - 80 2H >: 

2.4 br, 2H), 2.29-2.20 (comp, 4H). 1.60-1.50 (comp, 2H), 1.23 (b, 3H). 1.08 (br, 3H). 1.00- 
0.92 (comp, 1H), 0.52 (d, 2H), 0.12 (d.2H); MS (M+1) 421.3. 
^ 1 - c ye'°P~Py'methyl^^^ 
15 benzamide 

1 HNMR (400 MHz, CDC. 3 ) 8 7.31 (d. 2H). 6.92 (s, 1H), 6.85 (d, 1H). 6.67 (d, 1H) 2 48 

MS 4H) ' 1 '° 2 " °' 93 (C ° mP ' °- 90 '°- 80 (C ° mP> 2H) ' 0 53 <* 2H) " 012 ^ 

M1-Cyclopro P ylmethyl-3-<3^^ 
20 dihydro-1HHsoquinoJin-2-yl)-methanone 

1 HNMR (400 MHz, CDCI 3 ) 8 7.37 (q, 4H), 6.91 (s. 1H). 6.84 (d, 1H), 6.69 (d. 1H). 3.74 

(M+1) 421 r ^ 4H) ' 2 ^ 1H) " 2 ^ 4H) ' 0 2H) ' 015 (br " 2H) = MS 

{4-[1-Cyclo P ro P y«methyW-(3^ethoxy. P henyl). p i P eridin^ y ^^ 
25 1-yl-methanone 

1 HNMR (400 MHz, CDC 3 ) 5 7.35 (d. 2H). 7.15 (t. 1H), 6.92 (s. 1H), 6.84 (d 1H) 6 67 
(d, 1H), 3.74 (s, 3H), 3.66-3.60 (comp, 2H), 3.40-3.34 (comp. 2H), 2.25 (d. 4H). 0.53 (d 2H) 
0.12 (d, 2H); MS (M+1) 433.3. 1 

{Hl-Cyclopro^lmethyl-S^-methoxy-phenylJ-piperidin-S-yq-phenyl}- 
30 morpholin-4-yl-methanone 

1 HNMR (400 MHz. CDCfe) 8 7.39 (d, 2H). 7.27 (d, 2H>. 6.90 (s, 1H), 6.83 (d. 1H) 6 68 

(d. 1H), 2.25 (d, 4H). 0.53 (d, 2H). 0.12 (d. 2H); MS (M + 1) 435.3. 
N.N-Diethyl-4-ri-e^^ 

'HNMR (400 MHz. CDCI 3 ) 5 7.32 (d. 2H). 6.89 (s, 1H), 6.82 (d. 1H), 6.67 (dd 1H) 
3.74 (s. 3H), 3.50 (br, 2H), 2.42 (q. 4H) 2.25-2.22 (comp. 2H); MS (M+1) 395.2. 

EXAMPLE 3 

ALKYLATION OF N l N-niFTHYL^ 3 .MPT H nw,p HEM Y, UP.PPP,n,M_, v, , 

BENZAMIDE 

To a solution of N.N-diemyM-{3K3-memoxy-phenylMperidin-3- y i]-b e nzamide(1 
equivalent) in DMF (0.5M) was added potasium carbonate (K,C0 3 ) (3-10 equivalents) and the 
alkyl or heteroaryl haiide (1-5 equivalents). The reaction mixture was stirred at 60-120'C for 
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5 3-16 hours. The mixture was then cooled to room temperature and filtered. The filtrate was 
diluted with diethyl ether and the ether layer was washed with brine. The organic phase was 
dried (MgS0 4 ) and concentrated. Purification by flash chromatography afforded the desired 
amines in yields ranging from 30-85%. 

The following compounds were made using a procedure analogous to that of Example 
10 3, starting with the appropriate amide group. 

N,N-Diethyl-4-[3^3-methoxy-phenyI)-1-pyrimidin-2-yl-piperidin-3-yl]-benzamide 

'HNMR (400 MHz, CDCI 3 ) 6 8.35 (d, 2H), 7.33 (d, 2H), 7.23 (d, 2H), 7.14 (t, 1H). 6.91 
(s, 1H), 6.86 (d, 1H). 6.68 (dd, 1H). 6.49 (t, 1H). 4.29 (q, 2H), 3.87-3.80 (comp, 1H), 3.76-3.69 
(comp, 1H), 3.67 (s. 3H), 3.49 (br, 2H), 3.21 (br, 2H). 2.51-2.47 (comp, 2H), 1.62 (br, 2H). 
15 1.18(br,3H). 1.06 (br. 3H); MS (M+1) 445.4. 

N,N-Diethyl^-p-(3-methoxy-phenyl)^ f 4,5,6-tetrahydro-2H-[1,2 , lbipyridinyl-3-yl]. 
benzamide 

1 HNMR (400 MHz, CDCfe) 5 8.24-8.22 (comp, 1H), 733 (d, 2H), 6.92 (s, 1H), 6.86 (d. 
1H), 6.69 (dd, 2H), 4.10 (q, 2H), 3.23 (br, 2H), 2.45 (br, 2H); MS (M+1) 444.2. 
20 4 -I1-Benzooxazol-2-yW^3^nethoxy-phenyl)-piperidin-3-yq-N,N-diethyl- 



'HNMR (400 MHz, CDCI 3 ) 6 7.41 (d, 1H), 7.04 (t, 1H), 6.90-6.86 (comp, 2H), 6.71 (dd. 
1H), 4.18 (br. 2H). 3.49 (br. 2H), 2.51-2.45 (comp, 2H), 1.69 (br, 2H); MS (M+1) 484.4. 

N,N-Diethyl-4-[1-{5-fluoro-pyrimidin-2-yl)-3-(3-methoxy-phenyl)-piperidin-3-yl]- 
25 benzamide 

1 HNMR (400 MHz, CDCI 3 ) 8 8.23 (s. 2H), 7.15 (t 1H), 7.90-7.84 (comp, 2H), 6.69 (dd, 
1H), 4.23 (q. 2H) 3.49 (br. 2H). 2.48-2.45 (comp. 2H), 1.62-1.57 (comp, 2H); MS (M+1) 463.3. 
4-[1-Allyl-3-(3-methoxy-phenyl)-piperidin-3-yl]-N,N-diethyl-benzamide 
'HNMR (400 MHz. CDCI 3 ) 8 7.29 (d. 2H), 7.23 (d, 2H), 7.12 (t, 1H), 6.86 (s. 1H). 5.99- 
30 5.89 (comp. 1H), 5.19-5.13 (comp. 2H). 3.70 (s.3H). 3.48 (br. 2H), 2.98 (d. 2H), 2.44 (br, 2H), 
2.24-2.19 (comp, 2H); MS (M+1) 407.3. 

EXAMPLE 4 
PEPROTECTION OF METHYL ARYL ETHERS 

To a solution of methyl ether (1 equivalent) in CH 2 CI 2 (0.4M) at -78°C was added a 
35 solution of boron tribromide (1-5 equivalents) in CH 2 CI 2 (1.0M) dropwise. The reaction mixture 
was stirred at -78°C for 1 hour was warmed to room temperature and stirred for an additional 
4-6 hour. The mixture was quenched with slow addition of water and was brought to pH 8 with 
a saturated water/ammonium hydroxide (NH 4 OH) solution. The aqueous layer was washed 
with CH 2 CI 2 . The organic phase was dried (MgS0 4 ) and concentrated. Purification by flash 
40 chromatography afforded the desired phenols in yields ranging from 60-95%. 



benzamide 
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■n d-memytformamide (DMF) as follows: To a suspension of sodium hydride (NaH) (10 
events) in DMF (0.2M) at room temperature was added ethane thio, (10 equivalents) 
dropw.se. The mixture was stirred for 5 minutes. To the reaction mixture was added a 
solution of the methyl ether (1 equivalent) in DMF (0.2M). The mixture was heated to 120-C 
0 for 10-16 hours. The reaction was coded to room temperature and was quenched with water 
The m-xture was diluted with diethy. ether and the organic «ayer was washed with brine The 
organ, .phase was dried (MgSO,) and concentrated. Purification by flash chromatography 
afforded the desired phenols in yields ranging from 60-95%. 

The following compounds were made using a procedure similar to that of Example 4 
^-ri-Benzyl-a-P-hydroxy-phe^ 

HNMR < 400 CDC.3) 8 7.31-7.29 (comp, 4H), 7.28-7.19 (comp, 5H), 7.03 (t 1H) 

br, 1H), 2.72 (br, 1H), 2.49 (br. 1H), 2.38 (br, 1H). 2.25-1.95 (comp. 2H). 1.59-1 42 (comp 
2H), 1.20 (br,3H), 1.09 (br,3H); MS (M + 1) 443.3. 
N.N-Diethvl.4-^^ 

benzamide 

«. J^T, k 400 ^ CDC '* > 5 7 ' 31 - 7 ' 14 9H) ' 7 79 » •* "» <»■ 'HI. 6.57 

£ 293 ,br - ,h> ' ^ 2h> - «-* « « * 

4-ri^yclopro P ylmethyl-3-{3-h y droxy- P henyl)-pi P eridin-3-yll-N f N-dieth y i- 
benzamide 

1 HNMR (400 MHz, CDCI,) 5 7.32 (d, 2H>, 7.02 (t, 1H), 6.80 (d, 1H). 6.53 (d 1H) 3 50 
Mft 2.42 (br, 1H), 1.56-1.51 (comp; 2H), 1.00-0.90 (comp. 1H). 0.51 (d. 2H); MS (M + 1) 

N,N-Diem y U-p.(3-h y droxy.p he „y, H .t hla20 ,. 2 .^^ 
benzamide 

IHi * .IT" (400 MH2 ' CDC ' 3) 5 - ? 68 ^ H) ' 7 (t 1H) ' 6 80 ^ 75 2H ). "I (dd. 

(m!;m5 0 2 1H)t 351 (br ' 2H) 254 (comp ' 2H) - 221 (bn 2H) - ij8Mj " (comp - 2H): ms 

4-[1-Cvclohex-3-en y imeth^ 
benzamide 

1 HNMR (400 MHz, CDC.3) 6 7.32 (d. 2H). 7.05 (t, 1H), 6.81 (d, 1H). 6.74 (d, 1H), 6.58 
(66 mi 3.50 (br, 2H). 1.89-1.80 (comp, 2H), 1.70-1.63 (comp; 1H). 1.54-1.42 (comp. 2H) 
1.20 (br, 3H); MS (M+1) 447.2 

4-ri-But y i-3-(3.h y drox y -phen y l).piperidin^l]-N,N-dieth y |.benzamide 
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5 'HNMR (400 MHz, CDCI 3 ) 8 7.30 (d, 2H), 7.05 (t. 1 H), 6.80 (d. 1 H). 6.70 (s, 1 H). 6.56 

(dd, 1H), 3.50 (br. 2H). 2.93 (br, 1H), 2.69 (br, 1H), 2.35-2.30 (comp. 3H), 1.54-1.42 (comp, 
5H), 0.91 (t, 3H); MS (M+1) 409.3 

N,N-DIethyl^-{3-hydroxy- P henyl)-1-{1H-imidazol-2-ylmethyl)-piperidin-3-yl]- 
benzamide 

10 1 HNMR (400 MHz CDCfe) 8 7.17-7.12 (comp. 4H). 6.87 (s, 2H). 6.65 (d, 1H). 6.52 (d. 

1H), 3.53 (br, 2H). 3.27-3.15 (comp, 4H), 2.60-2.50 (comp. 2H). 1.46 (br. 2H); MS (M+1) 
433.3 

N,N-Diethyl-4-[3-(3-hydroxy-phenyl)-1-pro P yl- P iperidin-3-yll-benzamide 

1 HNMR (400 MHz, CDCI 3 ) 8 7.31 (d. 2H), 7.04 (t, 1H). 6.80 (d. 1H). 6.71 (s, 1H), 6.56 
15 (dd, 1H), 3.50 (br. 2H), 2.49 (br. 1H), 2.20 (br, 2H), 1.62-1.50 (comp. 4H). 0.90 (t. 3H); MS 
(M+1) 395.3 

N,N-Diethyl-4-[3-(3-hydroxy-phenyl)-1-{3-methyl-biJtyl)-piperidin-3-yl].benzamide 
1 HNMR (400 MHz, CDCI 3 ) 8 7.31 (d. 2H). 7.04 (t, 1H), 6.80 (d. 1H). 6.69 (s, 1H), 6.55 
(dd, 1H), 3.50 (br. 2H). 2.51 (br. 1H). 2.39-2.24 (comp. 3H), 1.10 (br; 3H), 0.90 (d, 6H); MS 
20 (M+1) 423.3 

{4-I1-Cyclopropylmethyl-3-(3-hydroxy-phenyl).piperidin^-ya- phenyl}-piperidin- 
1-yl-methanone 

1 HNMR (400 MHz, CDCfe) 5 7.33-7.30 (comp. 2H). 7.07 (t, 1H), 6.80 (d, 1H), 6.76 (s. 
1H). 6.61 (dd, 1H). 3.65 (br. 2H). 3.33 (br. 2H). 2.37 (d, 2H), 2.24 (br, 2H), 1.05-0.94 (comp. 
25 1H), 0.55 (d, 2H), 0.15 (d, 2H); MS (M+1)419.3. 

4-[1-Allyl-3-(3-hydroxy-phenyl)-piperidin-3-yll-N,N-diethyl-benzamide 

1 HNMR (400 MHz, CDCI 3 ) 8 7.28 (comp, 2H). 7.04 (t, 1H), 6.78 (d, 1H), 6.68 (s, 1H). 

6.56 (dd, 1H), 6.00-5.89 (comp, 1H), 5.18 (d. 1H). 5.15 (s. 1H). 3.50 (br. 2H), 2.50 (br, 1H), 

2.39 (br, 1H), 1.60-1.47 (comp, 2H); MS (M+1) 393.2. 

30 N .N-Dfethyl-4^3-hydroxy-phenylH-thiophen-3-ylmethyl-piperidin-3-yQ- 
benzamide 

1 HNMR (400 MHz. CDCI 3 ) 5 7.09-7.05 (comp, 2H). 7.01 (t, 1H). 6.70 (d. 1H). 6.65 (s. 
1H). 6.56 (dd, 1H) 3.49 (br, 4H), 2.37 (br. 1H). 2.18 (br. 2H), 1.58-1.44 (comp. 2H); MS (M+1) 
449.3. 

35 *-f1-Acetyl-3-(3-hydroxy-phenyl)-piperidin-3-yl]-N,N-diethyl-benzamide 

'HNMR (400 MHz. CDCI 3 ) 8 7.28-7.20 (comp, 4H), 7.07 (t, 1H), 6.84 (s, 1H), 6.72 (dd, 
1H), 6.66 (dd, 1H) 4.18 (d. 1H), 3.85 (d, 1H), 3.21 (br, 2H), 2.04 (s, 3H), 1.59-1.47 (comp, 2H); 
MS (M+1) 395.2. 

4-[1-But-2-enyl-3-(3-hydroxy-phenyl)-piperidin-3-yI]-N,N-diethylbenzamide 
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5 -J^^^H^n^^ 

2H>; MS <W„ 407.3. ' ' 2 <* "* " 1 <* 2H > '^0-1.46 (comp. 
benzamide 

20 1H..2.72 1H) ^ 2 3e 3 2H) ' fc 2H »' 2 M * 

393.1. P ' H)> 1 - 62 " 148 (com P. 2H ). 0.53 (dd, 2H); MS (M + 1) 

MS <=omp. 2H,, 3.23 fc 2H) ; Ms ^ 6 M <S ' 1H) ' 629 <« »* ft-ft 2H,. 

35 1 HNMR (400 MHz, CDCIO S7?q 7 , 7/ 

(comp. 2H>. 0,0 (comp, 2H, 40 J lH 2 24^ - ^ 2 ' 15,t,r ' ** ° 52 

-.10 (Or. 3H,; MS <M.1> 425.3. ** "» <""* » «* XI 
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5 1 HNMR (400 MHz, CDCI 3 ) 6 6.57 (d, 1H) f 6.43 (s, 1H), 6.25 (dt, 1H), 3.50 (br, 2H), 

3.25 (br, 2H), 2.41 (br, 2H), 2.27 (t, 2H) 2.13 (br, 2H); MS (M+1) 413.3. 

N,N-Diethyl^[1 ^5-fluoro-pyri 
benzamide 

1 HNMR (400 MHz, CDCI 3 ) 5 8.22 (s, 2H), 7.30-7.27 (comp, 2H), 7.05 (t. 1H), 6.83 (d, 
10 1H), 6.74 (t, 1H), 4.21 (q, 2H), 3.82-3.75 (comp, 1H), 3.65-3.59 (comp, 2H), 3.49 (br, 2H), 2.41 
(comp, 2H); MS (M+1) 449.3. 

N,N-Diethyl-4-[3-(3-hydrox^ benzamide 
'HNMR (400 MHz, CDCI 3 ) 8 8.34 (s, 2H), 7.05 (comp, 1H), 6.81 (d, 2H), 6.55 (d, 2H), 
3.82 (comp, 1H), 3.72 (comp, 1H), 2.43 (br, 2H); MS (M+1) 431.3. 
1 5 {4-[1 -Cyclopropylmethyl-3-(3-hydroxy-phenyl).piperidin-3-y lphenyl]-{3,4- 

dihydro-1H-isoquinolin-2-yl)-methanone 

1 HNMR (400 MHz, CDCI 3 ) 5 7.28 (d, 2H), 7.05 (t, 1H), 6.75 (d, 1H), 6.72 (s, 1H), 6.59 
(dd, 1H), 6.07 (br, 1H), 3.50 (br, 2H), 3.13 (d, 1H), 2.79-2.63 (comp, 1H), 2.18 (br, 2H), 1.21 
(br,3H); MS (M+1) 435.3. 
20 N,N-Diethyl-4HP-(3-hydroxy-phen 
benzamide 

1 HNMR (400 MHz, CDCI 3 ) 8 7.38 (d, 2H), 7.27-7.19 (comp, 4H), 7.17 (t, 1H), 6.74 (s, 
1H), 6.60 (dd, 1H), 2.38-2.20 (comp, 4H), 1,57 (br, 2H), 0.54 (d, 2H); MS (M+1) 435.3. 

EXAMPLE 5 

25 4-M-BEN2YL-3-(3-CARBOXYAMtNO-PHENYL>-PIPERIDlN-3-YU-N.N-DIETHYL- 

BENZAMIPE 

A. Trifluoro-methanesulfonic acid 3-[1-benzyl-3-(4-diethylcarbamoyI-phenyi)- 
piperidin-3-yl]-phenyl ester 

To a solution of 4-[1-benzyl-3-(3-hydroxy-phenyl)-piperidin-3-yI]-N,N-diethyl- 
30 benzamide (0.92 g, 2.08 mmol) in CH 2 CI 2 (15 ml) at 0°C was added pyridine (0.25mL, 3.12 
mmol) followed by dropwise addition of trifiic anhydride (0.52 mL, 3.61mmol) over 5 minutes. 
The reaction mixture was stirred at 0°C for 1 hour and at room temperature for 2 hours. The 
solution was then cooled to 0°C and 15 mL of cold saturated aqueous NaHC0 3 were added. 
The organic layer was separated and the aqueous layer was washed with CH 2 CI 2 (3 x 20 mL). 
35 The combined organic layers were dried (MgS0 4 ) and concentrated. The crude residue was 
purified by flash chromatography with hexanes/EtOAc (4:1) to afford 0.50 g of trifluoro- 
methanesulfonic acid 3-[1-benzyl-3-(4-diethylcarbamoyl-phenyl)-piperidin-3-yl]-phenyl ester. 
1 HNMR (400 MHz, CDCI 3 ) 6 7.39-7.18 (comp, 12H), 7.04-6.99 (m, 1H), 3.60-3.39 (comp, 4H), 
3.35-3.28 (comp, 2H), 3.06-2.87 (m, 1H), 2.68-2.44 (comp, 2H), 2.38-2.25 (m, 1H), 2.23-1.96 
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10 cyanide TO 057 . , ' S ' °' 69 mrno0 in "* <» ™U was added zinc 

^Zt: ^ "-"*■-•"«»» Tne mixture was 

,eomp ' 3H) ' , ' 7, ■ , ■ 6, ,m ' ^ •* — 

beozamklerasoa IT * ^'-^^^H^in-^.N^I- 

-.17.1.00 ^rcc^r 3H '' ^ ^ « , - 28 -' - «-* »* 

in ExanTs"**" 9 ™* * — * * — ™ apove 

(camp ^rj?T^' 7 M * "* 7 ' 64 - 7 ei * ,H '- * 1H) ' «*« 
(camp, 2H), 2.62 ft 1H), 1.18-1.10 (comp, 3H); MS (M+1) 462 3 

'mm ,400 mhz, cdcw , M , (s , 1H) , 7J2 M , 

1H). 2.77-2.67 (camp. 2H), 1,08 (comp, 3H); MS (M+1) 477 3 
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5 1 HNMR (400 MHz, CDCI 3 ) 5 7.92 (s, 1H), 7.61 (d, 1H), 6.23 (br, 1H), 3.27-3.21 (comp, 

2H), 1.18-1.01 (comp, 3H); MS (M+1) 460.3. 

EXAMPLE 6 

1-CYCLOPROPYLMETHYL-3.f3-METHOXY-PHENYH-3-(4-THIOPHEN-2-YL- 
PHENYD-PIPERIDINE 

10 To a solution of trifluoro-methanesulfonic acid 4-{1-cyclopropylmethyl-3-(3-methoxy- 

phenyl)-piperidin-3-yl]-phenyl ester (0.1 g, 0.2 mmol) in ethanol (4.5 mL) and water (0.5 mL) 
was added 2-thiophene boronic acid (0.052 g, 0.5 mmol) and sodium carbonate (0.037 g, 0.29 
mmol) and tetrakis tripheny;phosphine palladium (0.02 g, 0.18 mmol). The reaction mixture 
was heated to reflux for 2 hours. The mixture was then filtered and the filtrate was 

15 concentrated under vacuum. The residue was purified by flash chromatography with 
hexanes/EtOAc (3:1) to afford 0.08 g of 1-cyclopropylmefoyl-3-(3-methoxy-phenyl)-3-(4- 
thiophen-2-yl-phenyl)-piperidine. 'HNMR (400 MHz, CDCfe) 6 749 (d, 2H), 7.35 (d, 2H), 7.22- 
7.06 (comp, 3H), 7.05-7.00 (m, 1H), 6.96 (s, 1H), 6.89 (d, 1H), 6.70-6.67 (m, 1H), 3.76 (s, 3H), 
3.17-2.82 (comp, 2H), 2.61-2.39 (comp, 2H), 2.27-2.18 (comp, 4H), 1.62-1.39 (comp. 3H), 

20 0.60-0.45 (comp, 2H), 0.18-0.11 (comp, 2H) ; MS (M+1) 4042. 

EXAMPLE 7 

3-f4-f1-ALLYL-3-(3-METHOXY-PHENYL>-PIPERIDIN-3-YLl-PHENYLVPENTAN.3- 

OL 

To a solution of 4-[1-allylmethyl-3-(3-methoxy-phenyl)-piperidin-3-yl]-benzoic acid 

25 methyl ester (1.71 g, 4.68 mmol) in THF (30 mL) at 0°C was added ethylmagnesium bromide 
(1M in tert-butylmethylether, 46.8 mL, 46.8 mmol). The ice bath was removed and the 
reaction was stirred at room temperature for 1 hour. The mixture was quenched with slow 
addition of water (15 mL). The aqueous layer was washed with diethyl ether (3x 30 mL). The 
combined extracts were dried (MgS0 4 ) and concentrated to afford 1.67g (91%) of 3-{4-[1- 

30 allyl-3-(3-methoxy-phenyl)-piperidin-3-yl]-phenyl}-pentan-3-ol. 1 HNMR (400 MHz. CDCI 3 ) 6 
7.23 -7.20 (comp, 5H). 7.15 (L 1H), 6.85 6.84 (comp, 2H), 6.66 (dd. 1H). 6.01-5.92 (m, 1H), 
5.20 (s, 1H), 5.17-5.14 (m, 1H), 3.71 (s. 3H). 3.04-2.95 (comp, 2H), 2.88-2.72 (comp, 2H), 
2.50-2.40 (comp, 2H), 2.27-2.21 (comp, 2H). 1.83-1.71 (comp. 4H), 1.57-1.49 (comp, 2H), 
0.71 (dt, 6H); MS (M+1) 394.3. 

35 The following compounds were prepared by a procedure analogous to that of 

Example 4 for the deprotection of methyl ethers. 

3-{1 -Ally l-3-[4-(1 -ethyl-1 -hydroxy-propy l)-pheny Q-piperidin-3-y l}-phenol 
1 HNMR (400 MHz, CDCI 3 ) 6 7.21 (s, 5H), 7.09 (t 1H), 6.84 (d, 1H), 6.73 (s. 1H), 6.55 
(dd, 1H), 6.02-5.92 (m. 1H), 5.20-5.14 (comp, 2H). 3.07-2.96 (comp, 2H), 2.88-2.82 (comp, 

40 2H), 2.50-2.40 (comp, 2H), 2.25-2.20 (comp, 2H), 1.82-1.72 (comp, 4H), 1.65 (br, 1H). 1.61- 
1.52 (comp, 2H), 0.71 (t, 6H); MS (M+1) 380.3. 
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5 phenol ^ , - E ^ M ^^^H.he^ H ^ uo ^^ (k|M ^ 

'HNMR (400 MHz, CDClj) 6 6.84 (da, ,H). 6.79 (t 1H), 4.97 (b, ,H) 2 23-2 20 
(comp,2H).0.72ft.6H);MS(M + ,)422.2. ° 

10 

3 96 ,d imT.f, 0 ! ^ C8CW 5 e - 17 " e - 16 <m ' ,H) ' 7 07 "• ,H '' 6 " <«• 1N). 4.26 (d ,„, 
396(a,1H).2.47-2.36(oomp.2H);MS(Mt1)417.3 '' 

phe n o, M1 ^^ l ^ MW1<%M ^ ro ^^ l ^Wp.r i d to -^ 

- iH,:oT,x:xzr oft 

otk OH to R -CONH 2 according to the procedure of Example 5 

HNMR (400 MHZ, COCI.) 6 7.83 fc 1H), 7.64 (d. 1H), 7.40 (a, 1H) 7 30 ft 1H> 7 24 
.,6 comp. 4H,, 6.06-6.94 (oorop, 2H,, 6.66 (or, ,H,, 6.2,-8,6 J, 2H 0 2 » » 

1.64(br,,H).,.60-1.42(oomp,2H),0.71(at.6H);MS(M*1)407 3 

'HNMR (400 MHz, CDCI 3 ) 8 8.22 (d, 1H) 8 11 is im 7 <*1 4ut o «, 
2H), 2.52-2.39 (comp. 2H), 0.69 (t 6H); MS (M+1) 444 3 2.63-2.57 (comp, 
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EXAMPLE a 

propionic aae ^ ^r, ^ -MLTn . g 

PHEMYl FCTCO 

romon Jch^" H ^^^^^Wpend^y,^, (65 m 9 , 0,5 
rorooo m CH^I, (2 ml) at room tempera*,, were added OMAP (18 mo o« Z n 
™*an*e (0.07, mL, 0.52 and propyl " 

zrTrrc^r r, tempaa,ure fcr ,2 — * — ~ 

ueiween o mL CH 2 CI 2 and 5 mL of aqueous saturate Maurv, -n. 
washed with CH Cl mi » „ • w satlj rated NaHC0 3 . The aqueous layer was 

wrth CH 2 CI 2 (3x5 mL), dned over Na 2 S0 4 and concentrated. Purification bv fi^h 
chromatography with hexanes/EtOAc (1:1, afforded 58 ™ or 

anoraeo 58 mg of propionic acid 3-(i- 
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5 cyclopropylmethyl-3-p-tolyl-piperidin-3-yl)-phenyl ester. 1 HNMR (400 MHz, CDCI 3 ) 8 7.33 (d, 
2H), 7.26-7.19 (comp. 3H), 7.16-7.03 (comp. 2H), 6.89-6.86 (m, 1H), 3.59-3.43 (comp. 2H) 
3.35-3.19 (comp. 2H), 2.59-2.53 (q. 2H), 2.52-2.41 (comp, 2H), 2.27-2.18 (comp, 4H). 1.57- 
1-44 (comp, 2H), 1.31-1.19 (t, 3H). 1.18-1.09 (comp, 3H), 1.08-1.01 (comp, 3H), 1.00-0.91 (m, 
1H), 0.59-0.49 (comp, 2H), 0.19-0.11 (comp, 1H); MS (M+1) 463.3. 
1 0 The following compound was made using a procedure similar to that of Example 8. 

lsobutyricacid3-[1-cyclopropylmethyMH[4^iethylcartiamoyl-phenyl)-piperidin- 
3-yl]-phenyl ester 

1 HNMR (400 MHz, CDCI3) 6 7.36-7.29 (comp, 2H) 7.10-7.02 (comp, 2H), 6.89-6.85 
(m, 1H), 3.01-2.82 (comp, 2H), 2.81-2.75 (m, 1H). 1.28 (d, 3H); MS (M+1) 477.3. 
15 EXAMPLE 9 

4-r4-CYCLOPROPYLMETHYL.2^a. HYDROXY.PHFMYL>.MORPHni IM.9.V. J -mm. 

DIETHYLBENZAMinF 

A.(4-Bromo-phenylH3-methoxy-phenyl)-methanol 

To a suspension of magnesium (2.4 g. 100 mmmol), in THF (20 mL) at room 
temperature was added dropwise a solution of bromoanisole (9.1 mL, 71.4 mmol) in THF (30 
mL). The reaction mixture was stirred at room temperature for 2 h and at 60°C for 2 h. The 
mixture was cooled to room temperature and a solution of 4-bromobenzaldehyde (13.2 g, 71 .4 
mmol) was added over 5 min. The reaction mixture was stirred at room temperature for 3h 
and was quenched by addition of aqueous saturated ammonium chloride (NH 4 CI) (30 mL). 
The aqueous layer was washed with ether (3x40 mL), dried over Na 2 SO< and concentrated. 
Purification by flash chromatography with hexanes/EtOAc (10:1) afforaed 16.95 g of (4-bromo- 
phenyl)-(3-methoxy-phenyl)-methanol. 1 HNMR (400 MHz. CDCI 3 ) 8 7.46-7.41 (comp, 2H), 
7.27-7.18 (comp, 3H), 6.91-6.87 (comp, 2H). 6.81-6.78 (m, 1H), 5.73 (s, 1H), 3.76 (s, 3HV MS 
(M+1) 294.2. 

B. (4-Bromo^)henylH3-inethoxy-phenylHnethanone 

To a solution of DMSO (8.13 mL, 114.7 mmol) in CH 2 CI 2 (80 mL) at -78 was added 
solution of trifluoroacetic acid (TFAA) (12.12 mL, 86.0 mmol) in CH 2 CI 2 (50 mL) over 5 min. 
The mixture was stirred for 20 min and a solution of (4-bromo-phenyl)-(3-methoxy-phenyl)- 
methanol (16.8 g, 57.4 mmol) in CHjCfe (50 mL) was added dropwise over 5 min. The 
reaction mixture was stirred at -78°C for 30 min and Et3N (24.0 mL, 172 mmo) was added. 
The mixture was stirred at -78°C for an additional 30 min and at room temperature for 1h. 
The CH 2 CI 2 layer was washed with brine (3x30 mL), dried over N a2 S0 4 and concentrated. 
Purification with hexanes /EtOAc (10:1) afforded 16.0 g of (4-Bromo-phenyl)-(3-methoxy- 
phenyO-methanone. 'HNMR (400 MHz, CDCI 3 ) 8 7.67-7.66 (comp, 2H), 7.64-7.60 (comp, 2H), 
40 7.37 (m, 1H). 7.34-7.27 (comp, 2H). 7.14-7.11 (m, 1H), 3.84 (s, 3H). 

C. 2-Amino-1^4-bromo-phenyl)-1-(3^ethoxy-phenyl)-ethanol 
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by mmm of tmscn ,4 29 r ^ 2 Tr ,0 ' 15 » °' 47 — • «— 

1" and eoneem™*, to ^ J ™ «W« «»•«.<*<« NasSO< 

and the 

"U - 0-C. The mMure „ Z^r^T™ "** <LAH) * ^ W 8 " 
solution was added H,0 M s mi „ 1 n ™ M room temperature for 1 h. Tothe 

15 washed v* BOAe < 20 lg "Jt I T^—"**"—*-*—. 

ao«. mM . ^ ^^^^^^^^^ 

' " ^^^feac fc „wa S a l C^«t^' , T e,M3mL2 • 92mmM, ^"- 
-aofioo was added co M wafer (,ot u ^l J M — »*r1 h. Tome 
add- (20 mL, and me ^ ii^! T " * - *» '° " fc E,0A ° 
W0 mL, a* d, e Mmb L * T~ - -had * ElOAc 

Purihcnon by flash onron» togta L J??* "I* - °" M <> S °- and eoncenfrafed. 

CDCW6 7.45-7.4, (comp 2H) 7 297 , "^"V* 3 ******"*- 'HNMR ,400 MHz. 

(M*D 380.0. 302.0. 4 ' ,4 - 3i!6 (C ° m|> ' "5 (e. 2H). 3.77 (s. 3H,; MS 

*"°K ,4.04 40.5 mmo* ™ ™££r T"""" 

■ha rahdur, was added wa»r (40 mL) and Z Z, temperature (br 2 h. To 

«U ^^-^iflJ?^^^"---^-. 
oy flash chromatography wflh hexanesCtOAc °1 COncen,ra,M *"»ca«on 
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5 7. 1 7 (comp, 2H), 6.89-6.70 (comp. 3H), 6.69 (br. 1 H), 4. 1 0 (s. 2H). 3.93-3.80 (comp. 2H), 3.76 
(s. 3H); MS (M+1) 362.1, 364.1. 

F. 2-(4-Bromo-phenyl)-2-<3-methoxy-phenyl)-morpholine 

To a solution of LAH in THF (1M, 13.9 mL) at 0°C was added a solution of 6-(4- 
bromo-phenyl)-6-(3-methoxy-phenyl)-morpholin-3-one (3.34 g, 9.23 mmol) in THF (15 mL). 

10 The reaction mixture was stirred at 0°C for 1 h and at room temperature for 16 h. To the 
mixture was added H 2 0 (6.2 mL) followed by addition of 15% aqueous NaOH (6.2 mL) and 
H 2 0 (7 mL). The mixture was filtered through celite and the celite was washed with EtOAc (50 
mL). The filtrate was dried over MgS0 4 and concentrated to afford 2.82 g of 2-(4-bromo- 
phenyl)-2-(3-methoxy-phenyl)-morpholine. 1 HNMR (400 MHz, CDCI 3 ) 5 7.43-7.36 (comp, 2H), 

15 7.33-7.20 (comp, 3H), 6.98-6.82 (comp, 2H). 6.79-6.75 (m, 1H), 3.76 (s, 3H). 3.68-3.69 
(comp, 2H). 3.45-3.29 (comp. 2H), 2.93-2.88 (comp, 2H); MS (M+1) 348.01, 350.0. 

G. 2-(4-Bromo-phenyl)-4-cyclopropylmethyl-2-(3-methoxy-phenyl)-morpholine 

Prepared by methods similar to those described in Examples 2 and 3. 'HNMR (400 
MHz, CDCI 3 ) 8 7.42-7.38 (comp, 2H), 7.30-7.18 (comp, 3H), 7.08-6.97 (m, 1H), 6.96-6.84 (m. 
20 1H), 6.79-6.71 (m, 1H), 3.76 (s, 3H), 3.75-3.61 (comp, 2H), 3.15-2.88 (comp, 2H), 2.59-2.51 
(comp. 2H), 2.29-2.19 (comp, 2H), 1.01-0.84 (m, 1H), 0.50-0.49 (comp. 2H). 0.18-0.11 (comp, 
2H); MS (M+1) 402.0, 404.0. 

H. 4-[4-Cyclopropyimethyl-2-(3-methoxy-phenyl)-morpholin-2-yl]-ben2oic acid 
methyl ester 

25 Prepared by a procedure similar to that described in example 1D. 1 HNMR (400 MHz. 

CDCI 3 ) 6 7.94 (d, 2H), 7.48 (d, 2H). 7.21-7.18 (m. 1H). 6.98 (s. 1H). 6.91 (d. 1H). 6.74 (dd. 
1H). 3.87 (s. 3H), 3.75 (s. 3H), 3.74-3.63 (comp, 2H). 3.09-2.92 (comp. 2H). 2.56-2.48 (comp. 
2H), 2.31-2.18 (comp. 2H). 0.98-0.88 (m. 1H). 0.59-0.51 (comp. 2H). 0.14-0.10 (comp, 1H); 
MS (M+1) 382.1. 



Prepared by a method similar to that described in Example 1E. 'HNMR (400 MHz, 
CDCfe) 8 7.40 (d. 1H), 7.28 (d, 2H), 7.23-7.18 (m, 1H), 7.06-6.98 (m, 1H), 6.93 (d. 1H) 6.75 
(dd. 1H). 3.76 (s, 3H). 3.75-3.76 (comp, 2H), 3.55-3.49 (comp, 2H), 3.32-3.19 (comp, 2H), 
35 3.16-3.02 (m, 1H), 2.99-2.84 (m, 1H), 2.58-2.43 (comp, 2H), 2.34-2.26 (m, 1H). 2.25-2.18 (m, 
1H), 1.26-1.17 (comp, 3H), 1.16-1.04 (comp, 3H), 0.99-0.90 (m, 1H), 0.59-0.51 (comp. 2H). 
0.14-0.10 (comp, 2H); MS (M+1) 423.3. 

J. 4-[4-Cyciopropylmethyl-2-(3-hydroxy-phenyl)-morpholin-2-yq-N,N-diethyl- 
benzamide 

40 Prepared by a method similar to that described in Example 4. 'HNMR (400 MHz. 

CDCI 3 ) 5 7.38 (d. 1H), 7.26 (d, 2H). 7.12-7.06 (m, 1H). 6.91 (d. 1H). 6.82 (s, 1H). 6.61 (dd. 
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4-{4-Cyclopropylmethyl-2-(3-methoxy-phenyl)-morpholin-2-yl]-N,N-diethyl- 
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3 04 2 98 , MH2 ' CDCW 6 6 81 * 1H >' * «* "•*« ,comp 2H, 

3.04-2.98 (comp, 2H), 2.58-2.43 (comp, 2H); MS (M+1, 395 3 ^ 

^.^■^^^ 

«°° MHr. COOW 8 7.13-7.06 (m. ,H). 6.81*75 (comp 2H) 6 67 Id 1H1 
5 3.79-3.61 (comp, 2H), 3.32-3.18 (comp, 2H); MS (M+1) 445 3 

The Mowing compound was prepared „ me re 

- *'=°H » R>=CONH, accc^ to m. praoedure ^ , 

2H). 0.61*44 (comp. 2H). 0.21-0.15 (comp, 2H); MS (M+1) 436.3. 

EXAMPLE 10 

A.(5* n ,mo W rtdin-2.ylH34n«l,o w l,enylHoetonltrll. 

(30 mL, at 0-0 was added ^toxyphany. acatortana (8.0 „. 54.3 mmon Tha reacaon 
mcduna was sdr.d at ^ * 30 mh . A ^ „ ^^J^J," 

B. 2-(5^ ram c^^2 1 rtK^k»ro.2-(3^n^^ h . t ,^ H) . r>t , MllltI| ,, 
,2 mL, u 1 " USPWSI °" ""^ ««hed 60S, sodium hyddda (0.35 9. 8.6 mmcfl to DMF 

(175 «, 5.76 mmo,) „ DMF (5 mL,. The reachon mod™ was sdned a, 0-C lor 30 mi„ and a. 
™P-h.re *r 1 „. l-hromo-3-cnfcropmpane ,0.69 mL. 6.91 mmo„ was Ztd 

T^Tl r« 31 temperafcre ,or4 K T ° *• rea *" — • - 

<6 mL, and EfeO and the organic te ,e, was washed w* odne ,5x5 mL, dned over NaaSO* 
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and concentrated. Purification by flash chromatography with hexanes/EtOAc (10:1) yielded 
1.81 g of 2-(5-bromo-pyridin-2-yl)-5-chloro-2-(3-rnethoxy-phenyl)-pentanenitrile. 1 HNMR (400 
MHz, CDCI 3 ) 8 8.65 (s. 1H), 7.76 (dd, 1H), 7.36 (d, 1h), 7.27-7.21 (m, 1H). 7.03 (d, 1H). 6.98 
(s, 1H), 6.82 (dd.1H), 4.77 (s, 3H), 3.55 (t. 2H). 2.79-2.70 (comp, 1H), 2.62-2.52 (comp, 1H) 
1.89-1.79 (comp, 2H); MS (M+1)378.8, 380.8. 

C.5-Bromc^X3-methoxy-phenylH , ^'^S5S6 , -hexahydro-r2,31bipyridinyl 
To a solution of 2-(5-bromo-pyridin-2lyl)-5-chloro-2-(3-methoxy-phenyl)-pentanenrM 
(0.54 g, 1.43 mmol) in CHjCfe (3 mL) at -78°C was added DIBAL in CH 2 CI 2 (1M. 3.2 mL). The 
reaction mixture was stirred at -78 for 1 h and at room temperature for 4 h. The solution was 
poured to a saturated aqueous solution of Rochelle's salt (10 mL) and the resulting mixture 
15 was stirred vigorously for 16 h. The aqueous layer was washed with CH 2 CI 2 (3x10 mL), and 
the combined extracts were dried over Na 2 SO< and concentrated. Purification by flash 
chromatography with CH.CI^eOH (10:1) yielded 0.36 g of S-bromo-S'-fS-methoxy-phenyl)- 
r,2 , ,3*.4 , 1 5 , ,6 , -hexahydro-I2,3 , ]bipyridinyl. 1 HNMR (400 MHz, CDCI 3 ) 5 8.62 (s, 1H), 7.63 (dd, 
1H), 7.24-7.18(m. 1H). 6.91 (d, 1H) 6.81-6.67 (comp, 3H), 3.96-3.90 (m, 1H), 3.75 (s. 3H), 
20 3.09-3.00 (comp, 2H). 2.82-2.74 (m, 1H). 2.54-2.48 (m. 1H). 2.41-2.34 (m, 1H) 1.64-1.60 (m, 
1H) 1.38-1.31 (m, 1H); MS(M+1) 347.1, 349.1. 

D. ^ ro wo-1 , *en2yl-3X3-methoxy-phenyl)-1 , ^',3 , ,4 , ,5 , ,6'-hexahydro- 
[2,3"]bipyridinyl 

Prepared by methods similar to those described in Examples 2 and 3. 
25 1 HNMR (400 MHz. CDCI 3 ) 6 8.55 (s, 1H), 7.62 (dd, 1H), 7.42-7.21 (comp, 6H), 7.20- 

7.12 (m, 1H), 7.01 (d. 1H), 6.81-6.74 (m, 1H), 6.67 (dd. 1H) 3.78 (s, 3H), 3.59-3.41 (comp, 
2H), 3.20-3.12 (m, 1H), 2.81 -2.25 (comp, 4H), 2.18-2.04 (m. 1H). 1.62-1.41 (comp, 2H)' 
MS(M+1) 437.2. 439.3. 

E. 1 , -Benzyl-3'-(3-methoxy-phenyl)-r,2 , ,3 , ,4 , ,5 , ,6*-hexahydro-t2,3lbipyridinyl-5- 
30 carboxylic acid methyl ester 

Prepared by a method similar to that of Example 1D. 

1 HNMR (400 MHz. CDCfe) 8 9.10 (s. 1H). 8.10 (dd, 1H) 7.41-7.01 (comp, 7H). 6.81- 
6.77 (comp. 2H). 6.67 (dd, 1H). 3.90 (s. 3H), 3.70 (s, 3H), 3.61-3.42 (comp. 2H). 3.25-3.15 (m. 
1H). 2.85-2.75 (comp. 2H). 2.61-2.53 (m, 1H). 2.41-2.38 (m. 1H), 2.20-2.12 (m, 1H), 1.62-1.55 
35 (comp, 2H); MS(M+1) 417.2. 

F. 1'-Benzyl-3 , -(3-methoxy-phenyl)-r,2 , ,3 , ,4 , ,5' f 6'-hexahydro-I2,3lbipyridlnyl-5- 
carboxylic acid diethylamide 

Prepared by a method similar to that of Example 1E. 

'HNMR (400 MHz. CDCI3) 8 8.53 (s, 1H), 7.55 (dd, 1H), 7.38-7.21 (comp, 5H), 7.18- 
40 7.09 (comp. 2H), 6.83-6.78 (comp. 2H). 6.68-6.62 (m, 1H), 3.71 (s. 3H). 3.60-3.42 (comp. 4H). 
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(comp. 2H). 2.18-2.03 (m. 1H). 1.64-1.43 (comp. 2H). 1.34-1.10 (comp. 6H); MS(M + 1) 449 3 

G. 1 "-Benzy.-3W3-hydroxy.phe^ 
carboxylic acid diethylamide y 

10 <s im yTT.u 3 meth ° d Sim,,ar t0 th3t ° f 4 1HNMR < 400 »*> CDCW 5 8.53 

10 (s. 1H), 7^ 5 d , 1H) , 7.40-7.21 (comp , 5H) , 7 . 19 . 7 . 08 (m> 1H)> ? ^ 8g ^ 

h,t 8 2 7 r 1H) - 3 - 60 - 3 - 42 (comp - 4Hx 3 - 36 - 322 «-* 2H >- " 

1H). 2.82-2.78 <m 1H). 2.71-2.26 (comp. 3H). 2.18-2.03 ( m. 1H), 1.62-1.44 (comp 2H) 1 35 
1.10 (comp. 6H);MS(M + 1) 444.2. * 

15 Examplem ™ * m6th ° dS Simi ' ar t0 *°" described in 

1H5 * F,UOr ^ yrimidin " 2 ' y,H '^^ 
[2,31bipyridinyWKsarboxylic acid diethylamide 

*HNMR (400 MHz, CDC. 3 ) 5 8.20 (s. 2H). 4.57 (d. 1H). 4.17 (d. 1H); MS(M + 1> 450 3 
3 -(3-Hydroxy-ph e nyl)-1^y r i mjd i n . 2 . y| . rf2 . 3 . 4 . g . 6 ._ hexahy(Jro 
20 [2,31bipyridinyl-5-carboxylic acid diethylamide 

MS(M + 1M32 M 3. (4 °° MHZ> CDCU) 5 8 ' 33(S ' 2H) 6 * ^ 4 57 " 1H) ' 417 * 

r-CyclopropylmethyMX^ 
[2,31bipyridinyl-5-carboxylic acid diethylamide • 

25 o 17 n i!7 MR (4 °° MH2 ' CDC ' 3) 8 758 (dd ' 1H) ' 101 - 084 (m ' 1H >' °- 57 - 0 ^ <«•* 2H). 
0.17-0.11 (comp, 2H);MS(M+1) 408.4. 

carboxylic acid diethylamide 

30 <r luT (40 ° MHZ> CDC,3) 6 6 78 (S ' 1H) " 6 62 (d ' ^ 2 - 20 - 212 OK- 1H), 1.160 99 
30 (comp, 3H); MS(M+1) 396.4. 

3X3-Hydroxy-phenyl)-1v^^^ 

carboxylic acid diethylamide 

MS( M+ 1^ 

carboxylic acid diethylamide 

<HNMR (400 MHz. CDC 3 ) 5 7.58 (dd. 1H). 6.82 (s. 1H), 3.31-3.23 (comp. 2H).1.00- 
0.70 (comp, 6H);MS(M+1) 410.3. 

3X3-Hyd ro xy-phenyl)^4W^ 
40 carboxylic acid diethylamide 
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5 1 HNMR (400 MHz, CDCI3) 6 9.02 (s, 1H), 8.29 (d, 1H), 7.39-7.34 (m. 1H), 6.87 (br, 

1H); MS(M+1) 431.3. 

3'-(3-Hydroxy-phenyl)-1^2-methyl*utyl)-r > 2' I 3 , I 4',5 , > 6 , .hexahydro- 
[2,31bipyridinyl-5-carboxyiic acid diethylamide 

1 HNMR (400 MHz, CDCI 3 ) 5 8.53-8.50 (m, 1H). 6.83 (s, 1H), 2.92-2.64 (comp, 2H), 
10 1.17-1.09 (comp. 3H);MS(M+1) 424.4. 
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CLAIMS 

1 • A compound of the formula 




wherein 



r' 



30 



35 



0 h ate*"' i5 , hy< ' ra9en ' 'C^*-*^***** «*-" th. total n U mb«of carta, atoms 
0 w sight or teas. atyf . a^c,^^, hefcoa^c,^^ hJ^T 

andu ** «* ««, of sad Wfi^ are selected, independent, tan phan>1 ^ 
"* - — heteroa ^ « »» moiety of sai d heteroa W C^.« , 

pyndazmyl, py^ny,. ^ »• 

« * * ™*otopyddinyf, fU^Z 

— * — * *oxazoyi. fhiazoiyt 

iirri,*tr ** imte * »»* - ~ - 

saturated and ta, heterocycfic moiety o, said ^^o^ are xleaea ^ 
« orunsau,^ no™ monoeycite „ ^ » 

monocjote nog systems coated tan tear «o seven ring ^ atoms , »„„ me „ mrM 
** ntay Cbonei* be replaced with O, N or s, and wheretn satd ^ rin0 

X. * oT v: rins ~* - - to fo - - — -» 

ZZZ? < sub * ,ted * *" - to *™ <— • i 

sobste^ante. „dependen«y sateoted from hate chtero. ttuoto, btomo c iodo) (C^aw 
ophonal* sobbed « tan on. to seven (preterobty w» no. zero to tour, 

Silt TZ "** w ** ITc : 

ato, or a*ytam,no groups, ma, opdc«y be sobstnuted w» from one to seven (protely 
with from zero to four) fluorine atoms; 

. mu<> y " ! " lra3en ' "* hetero *l"' "^cydfo, SOaR*. COR 4 , CONR'R', COOR- or 

Tn wTT* 01 R • RS and ,s 85 R ' * ^- ^ 

• R and R . together with the carbon or nitrogen to which they are both adacbed. tern, a 
three to s»en memherod satorated ring contointeg horn zero to three heterocaroons 
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selected, Independently, from O, N and S, and wherein said aryl, heteroaryl, and heterocyclic 
are defined as such terms are defined above in the definition of R\ and wherein any of the aryl. 
heteroaryl and heterocyclic moieties of R 2 may optionally be substituted with from one to three 
substitutuents, preferably with one or two substutituents, independently selected from halo (Le, 
chloro. fluoro, bromo or iodo). (C,-C 6 )alkyl optionally substituted with from one to seven 
(preferably with from zero to four) fluorine atoms, phenyl, benzyl, hydroxy, acetyl, amino, cyano. 
nitro, (d-CeJalkoxy optionally substituted with from one to seven (preferably with from zero to 
four) fluorine atoms. (C^alkylamino and [(Ct-CeJalkyfeamino; 

^ R 3 is hydroxy, -NHS0 2 R 7 , -C(OH)R 7 R 8 . -OC(=0)R 7 fluorine or -CONHR 7 , wherein R 7 
and R 8 are the same or different and are selected from hydrogen, (C-C^alkyl, (C,-C 4 )alkoxy 
1 5 and (C 1 -C 4 )alkoxy-(C 1 -C4)alkyl having a total of four or less carbon atoms, and wherein any of 
the alkyl moieties of R 7 and R 8 may optionally be substituted with from one to seven 
(preferably with from zero to four) fluorine atoms; 
Q is oxygen or CH 2 ; 
X is CH or N; and 

20 Z 1 and Z 2 are selected, independently, from hydrogen, halo and (C,-C s )alkyl; 

with the proviso that there are no two adjacent ring oxygen atoms and no ring oxygen 
atom adjacent to either a ring nitrogen atom or a ring sulfur atom in any of the heterocyclic or 
heteroaryl moieties of formula I; 

or a pharmaceutically acceptable salt of such compound. 
25 2 - A compound according to claim 1 wherein Q is CH 2 . 

3. A compound according to claim 1 wherein X is CH. 

4. A compound according to claim 1 wherein X is N. 

5. A compound according to claim 1 wherein Q is oxygen. 

6. A compound according to claim 1 wherein 
30 R 3 j s OH. CONH 2 . or fluoro. 

7. A compound according to claim 1 wherein 

R 2 is selected from CfOHXCjHsk, CONCH 3 (CH 2 CH 3 ), CON(C 2 H 6 ) 2 and the folllowing 
cyclic groups: 

-4w 



( e ) (0 



(a) (b) (c) (d) 

35 8. A compound according to claim 2 wherein X is CH. 

9. A compound according to claim 2 wherein X is N. 

10. A compound according to claim 6 wherein Q is CH 2 and X is CH 
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5 18. A pharmaceutical composition for treating a disorder or condition selected from 

inflammatory diseases such as arthritis, psoriasis, asthma, or inflammatory bowel disease, 
disorders of respiratory function such as asthma, cough and apnea, allergies, gastrointestinal 
disorders such as gastritis, functional bowel disease, irritable bowel syndrome, functional 
diarrhoea, functional distension, functional pain, nonulcerogenic dyspepsia and other disorders of 
10 motility or secretion, and emesis, stroke, shock, brain edema, head trauma, spinal cord trauma, 
cerebral ischemia, cerebral deficits subsequent to cardiac bypass surgery and grafting, 
urogential tract disorders such as urinary incontinence, chemical dependencies and addictions 
fejL, addictions to or dependencies on alcohol, opiates, benzodiazepines, nicotine, heroin or 
cocaine), chronic pain, nonsomatic pain, acute pain and neurogenic pain, systemic lupus 
erythematosis, Hodgkin's disease, Sjogren's disease, epilepsy and rejection in organ transplants 
and skin grafts in a mammal, comprising an opioid receptor binding modulating effective amount 
of a compound according to claim 1 and a pharmaceutically acceptable earner. 

1 9. A pharmaceutical composition for treating a disorder or condition, the treatment 
or prevention of which can be effected or facilitated by modulating binding to opioid receptors in a 

20 mammal, comprising an opioid receptor binding modulating effective amount of a compound 
according to claim 1 and a pharmaceutically acceptable earner. 

20. A method for treating a disorder or condition selected from inflammatory 
diseases such as arthritis, psoriasis, asthma, or inflammatory bowel disease, disorders of 
respiratory function such as asthma, cough and apnea, allergies, gastrointestinal disorders such 

25 as gastritis, functional bowel disease, irritable bowel syndrome, functional diarThoea. functional 
distension, functional pain, nonulcerogenic dyspepsia and other disorders of motility or secretion, 
and emesis. stroke, shock, brain edema, head trauma, spinal cord trauma, cerebral ischemia, 
cerebral deficits subsequent to cardiac bypass surgery and grafting, urogential tract disorders 
such as urinary incontinence, chemical dependencies and addictions (e^, addictions to or 
dependencies on alcohol, opiates, benzodiazepines, nicotine, heroin or cocaine), chronic pain, 
nonsomatic pain, acute pain and neurogenic pain, systemic lupus erythematosis, Hodgkin's 
disease, Sjogren's disease, epilepsy and rejection in organ transplants and skin grafts in a 
mammal, comprising administering to a mammal requiring such treatment an opioid receptor 
binding modulating effective amount of a compound according to claim 1 . 
35 21. A method for treating a disorder or condition, the treatment or prevention of 

which can be effected or facilitated by modulating binding to opioid receptors in a mammal, 
comprising administering to a mammal requiring such treatment an opioid receptor binding 
modulating effective amount of a compound according to claim 1. 

40 22. The use of a compound of the formula 



30 
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napth„. and wnel J S^tT " T* '* P,n * ,, ' y a * 
are detected hdependendv^Z * * ""^ 

I-M* rrHr * taut* 

heteracyclic and the hJ™ T T"* 1 PVndm>1 ' and """""I* «* «*•-<*> aaid 
sator* J or 11^ 7** """^ °' - saluted hm 

contain from seven to mimnJJZ^. . "* "*** * 9 Systems 
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5 heteroaryl and heterocyclic moieties of R 2 may optionally be substituted with from one to three 
substitutuents, preferably with one or two substutituents, independently selected from halo (La, 
chloro, fluoro, bromo or iodo), (Ci-C 6 )alkyl optionally substituted with from one to seven 
(preferably with from zero to four) fluorine atoms, phenyl, benzyl, hydroxy, acetyl, amino, cyano, 
nitro, (Ct-CeJalkoxy optionally substituted with from one to seven (preferably with from zero to 
1 0 four) fluorine atoms, (C^alkylamino and [(^-CsJalkyl^mino; 

R 3 is hydroxy, -NHS0 2 R 7 , -C(OH)R 7 R 8 , -OC(=0)R 7 , fluorine or -CONHR 7 , wherein R 7 
and R 8 are the same or different and are selected from hydrogen, (C 1 -C 4 )alkyl, (Ci-C 4 )alkoxy 
and (C r C4)alkoxy-(Ci-C 4 )alkyl having a total of four or less carbon atoms, and wherein any of 
the alkyl moieties of R 7 and R 8 may optionally be substituted with from one to seven 
1 5 (preferably with from zero to four) fluorine atoms; 
Q is oxygen or CH 2 ; 
X is CH or N; and 

Z 1 and Z 2 are selected, independently, from hydrogen, halo and (C r C 5 )alkyl; 

with the proviso that there are no two adjacent ring oxygen atoms and no ring oxygen 
20 atom adjacent to either a ring nitrogen atom or a ring sulfur atom in any of the heterocyclic or 
heteroaryl moieties of formula I, 

or a pharmaceutical^ acceptable salt of such compound, 

for the manufacture of a medicament for a therapeutic application. 

23. Use of a compound according to claim 22, wherein Q in said compound is CH 2 . 
25 24 - Use of a compound according to claim 22, wherein X in said compound is CH. 

25. Use of a compound according to claim 22 wherein X in said compound is N. 

26. Use of a compound according to claim 22, wherein Q in said compound is 

oxygen. 

27. Use of a compound according to claim 22 wherein R 3 in said compound is OH, 
30 CONH 2l or fluoro. 

28. Use of a compound according to daim 22 wherein R 2 in said compound is 
selected from C(OH)(C 2 H 6 ) 2 , CONCH 3 (CH 2 CH3), CON(C 2 H 6 )2 and the fallowing cyclic groups: 

n 



and 



(a) (*>> (c) (d) (e) (f) 

29. Use of a compound according to claim 23, wherein X in said compound is 

35 CH. 

30. Use of a compound according to claim 23, wherein X in said compound is N. 
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CH 2 , and X is CH. 



Use of a compound accord** „ aaim ^ q (n M „ 
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